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Man going down ... in a hurry. The geography of the territory 
must fie surveyed and the movements of the enemy observed ... and 
reported ... on the way down. 

The law of gravity still holds good . . . and the man at parachute’s end 
must be keen-eyed and quick-minded. However, these important human 
qualities won’t help him much without proper equipment. 

An integral part of a parachutist’s paraphernalia is the Phone-Switch 
unit made by American Radio Hardware Co. This is the vital con¬ 
necting link between air and ground communications —and it has 
got to work. It does! ^ 


SW-141 SWITCH 


PL-68 PLUG 


JK-48 JACK 


The Plion^Switeh Assembly is blit one of the many precision instru¬ 
ments which are bur contribution inward winning this war. Someday 
when it becomes a parachutist’s job tb report a picnic rather than si 
battle the Phonic-Switch, along with all others of our products, will be 
au important influence in the field of civilian communications. God 
speed the day. 


BUY WAR BOMBS AMO STAMPS 


476 BROADWAY, NSW YORK, N. Y. 
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fVe See ... 


A NEW HIGH IN PREFERENCE RATINGS 

. . . A-l-j . . . for maintenance and re¬ 
pair, has been awarded to the opera¬ 
tors of broadcasting, police, aviation 
and direction-finding facilities. Wash¬ 
ington says that if the rules of the new 
order are followed carefully and oper¬ 
ators do not use the components for 
any expansion, improvement or change 
of design, there is no reason why the 
new plan should not work with com¬ 
plete success. The rating, say the au¬ 
thorities, will actually be empowered 
to prompt the delivery of the required 
materials, when the request is made. 
In other words, says officialdom, the 
new rating is not just an attractive 
alphabetical reclassification, that just 
strikes well in print. It is a rating that 
will work, if the industry will cooper¬ 
ate, they say. Well, we know that the 
industry will cooperate. Need we say 
more! 

Speaking about repairs, we see that 
tube repairing is again in the lime¬ 
light. A large manufacturer . . . RCA, 
to be exact, . . . has decided to aid 
the repair program by instituting g, 
new division, whose entire facilities 
will be devoted to the rebuilding of 
tubes. Harold F. Vance has been 
placed in command, with headquarters 
at Camden. Several independents have 
already expanded their tube rebuilding 
facilities and several other large tube 
manufacturers are leaning towards the 
establishment of such divisions. With 
such assistance in full swing, commu¬ 
nications operators should be able to 
feel a bit chipper ... at least for a 
while! 

THE VITAL FACTOR THAT WOMEN “man¬ 
power” has become in our Nation to¬ 
day became more evident than ever 
before, when we read recently the re¬ 
port of a life insurance company on 
the subject. Said the report . . . “dur¬ 
ing the last decade, 2,500,000 to 3,000,- 
000 women have been gainfully em¬ 
ployed in this country. The rapidly in¬ 
creasing armed forces will now drain 
man power to the point where at least 
2,000,000, but more probably 3,000,000 
women will be added to the working 
{Continued on page 481 
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Near technical perfection is achieved through use of scientific instruments hut the trained 
eyes of skilled workmen inspect completed units before they are passed along to the pumps 


An important reason why Eimac tubes 
set the modern pace in communications 

In the fabrication of plates, sealing of stems and leads, winding of grids., .every tiny part must pass the 
rigid inspection of trained individuals, precision testing devices. At the end of each production line sits 
a group of hardboiled inspectors. All this checking 
and testing takes place before Eimac tubes reach 
the vacuum pumps. That's one of many reasons why 
Eimac tubes possess such uniformity of characteris¬ 
tics . . . why their performance records have made 
them first choice among world's leading engineers. 

Manufactured by EITEL-McCULLOUGH, INC., SAN BRUNO, CALIFORNIA, U. S. A. 

Export Agents: Frazor & Co., 301 Clay St., San Francisco, California, U. S. A. 



Bead tester utilizes polarized light in search for stress 
points in glass beads which seal leads to bulbs 



Polariscope is here used to inspect glass bulbs for flaws 
or strain which may occur during the shaping operations 



General inspection bench where completed filament 
stems and assemblies are thoroughly checked for faulty 
construction 










A NEW ELECTRONIC SUN! 


The famous RCA Electron Microscope has a new 
attachment—a diffraction camera, so that man’s 
eye can see the enormously magnified structure of 
an infinitesimal object and actually determine its 
atomic design. 

The atoms are not seen but the new adapter 
finds out where they are. The revealing picture 
looks like the midnight sun. But in reality this is 
not a picture of anything. It is the spirit of the 
crystal structure—an assembly of complex clues 
from which the mathematical detective can deter¬ 
mine how the atoms take their orderly arrange¬ 
ments in various substances. 

Scientists call the picture a diffraction pat¬ 
tern—a pattern from electrons, which found 



their way through the crystal lattice—that invis¬ 
ible, exquisite arrangement of atoms which nature 
fashions from humble table salt to the lordly 
diamond. It is a set of concentric circles, some 
diffuse, others sharp. From the dimensions of the 
circles and the intensities, the arrangement of the 
atoms in the material is determined, so that the 
crystal structure can be identified and analyzed. 

Thus, RCA Laboratories open new and 
unseen worlds for exploration as the Electron 
Microscope coupled with the new diffraction 
camera sees deeply into electronic and submicro- 
scopic realms. 

BUY U. S. WAR BONDS EVERY PAYDAY! 


RCA LABORATORIES 

PIONEER IN RADIO, ELECTRONICS, TELEVISION 
A Service of the Radio Corporation of America • RCA Building, New York, N.Y. 

Other Services of RCA: RCA Manufacturing Company, Inc. • National Broadcasting Company, Inc. 

R. C. A. Communications, Inc. • Blue Network Company, Inc. • Radiomarine Corporation of America • RCA Institutes, Inc. 
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LEWIS WINNER, Editor 


An Analysis of 

AUDIO-FREQUENCY RESPONSE CHARTS 


I N the design of audio frequency de¬ 
vices it often becomes necessary to 
calculate the insertion loss due to 
either series or parallel reactance. While 
the mathematical calculations are not 
difficult, nevertheless, a considerable 
amount of time may be saved by using 
graphical methods. 

Insertion Loss Equations 

The circuit in Figure 1(A) shows a 
reactance X in series with the load re¬ 
sistance R l . This reactance may be 
either inductance or capacitance, and 
may represent the leakage reactance of 
a transformer coupled stage at the 
higher frequencies, or the blocking con¬ 
denser at the low frequency end. With¬ 
out the reactance present the voltage 
across Rl would be 

Ei Rl 

E2 1 = —-; 

Ro + Rl 

with the reactance in series as shown, 
the voltage 

Ei Rl 

E 2 = - - • 

V(Ro + Rl) s + X 2 

The insertion loss in decibels would 
be expressed as: 

Ea 1 

a — 20 log-= 10 log 

E 2 

X ! 

1 +- 


by H. H0LUB0W 

Research Engineer, Thordarson Electric Mfg. Co. 


1(A), it may be shown that the volt¬ 
age 

E,R l X 

E a --*-; 



The insertion loss 


a = 10 log 


/ RgRl \ 2 1 
\ X (Ro + Rl / J 


1 + 

. X (Ro + Rl 
This expression may be simplified to 
the following: 


a = 10 log 1 + 


(I)' (£St)1 


e 

DB (2) 


a = 10 log 


(Rg + Rl) 2 


DB(1) 


The alignment chart in Figure 2 is 
based on equation (1) and may be used 
to calculate the insertion loss due to a 
series reactance. 

The shunting effect of the primary 
inductance in a transformer coupled 
stage at the low frequency end, or the 
shunting effect due to distributed or 
tube capacities at the high frequency is 
illustrated in Figure 1(B). Although 
this circuit is more complicated than 
the series circuit illustrated in Figure 


Equation (2) was used in construction 
of the chart in Figure 3. 

An equivalent circuit of a line or the 
plate of a tube transformer coupled to 
an open grid is shown in Figure 1(C). 
When the primary impedance of the 
transformer is so high that the shunt¬ 
ing effect can be neglected, the grid 


Figure I 

Three equivalent audio frequency circuits 
that have been used as a basis for com¬ 
puting of the two response charts shown 
on pages 6 and 7. 
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Figure 2 

The insertion loss due to series reactance can be computed from this chart. 


voltage Eo 1 — E. When the impedance 
is low the voltage 

E,X 

E g = - , 

VRo 2 + X 2 


and the insertion loss 




10 log 


1 + 


(r)l 


DB (3) 


From the similarity of equation (1) 
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Figure 3 

The insertion loss due to parallel reactance, either capacity or inductance, may be computed from this chart. 


and (3) it becomes apparent that the 
chart in Figure 2 can be used to solve 
this circuit if the scales are inter¬ 
changed; that is if R g is read on the 
X scales and X on the R c Rl scale. 

In actual design, three of the four 
quantities involved R G , Rl, Xl, and a 


are usually either given or assumed, 
and the fourth is to be determined. For 
example in the circuit 1(B) let us as¬ 
sume that R 0 = 10,000, R Tj = 5,000 and 
the insertion at 60 cycles is to be less 
than one. Making a straight line from 
R g /R t , = 2 and a = 1 we obtain 


X/Rl = 1.32. Thus we have X — 6,600 
and at 60 cycles the inductance = 
6,600/21,760 = 17.6 hy. As we can see, 
all the time to solve this circuit is only 
a small fraction of the time necessary 
for the customary mathematical calcu¬ 
lation. 
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MATERIEL CONSERVATION 


by FREDERIC LUTHER 

Western Electric Company, Inc. 


P riorities, production boards, plant 
conversions, and rationing boards, 
tumbling over each other in rapid 
succession during the past two years, 
have brought home to 130 million 


Americans the grim lesson that we are 
facing the greatest test of national self- 
sufficiency this country has ever known. 
Stockpiles of imported raw materials 
have taken on new significance in our 
daily lives, and the current status of 
the availability of aluminum is a major 
topic for discussion not only in manu¬ 
facturing centers but remote sections of 
the land. 

As early as July, 1939, two months 
before war finally broke out in Europe, 


President Roosevelt set up a joint Army 
and Navy Munitions Board for coordi¬ 
nating the mobilization of industry with 
the needs of the armed forces. This 
board released, before the June, 1940, 
meeting of the ASTM, a listing of 
29 strategic and critical materials, ma¬ 
terials essential to our war program 
and not adequately available from our 
domestic sources of supply. These were 
. . . aluminum, antimony, asbestos, chro¬ 
mium, cocanut shell char, cork, graph¬ 
ite, hides, iodine, kapok, manganese, 
manila fiber, mercury, mica, nickel, 
opium, optical glass, phenol, platinum, 
quartz crystal, quinine, rubber, silk, 
tanning materials, tin, toluol, tungsten, 
vanadium and wool. It must be noted 
here that such a list is not final. It 
should be recognized that, due to ex¬ 
tremely unstable conditions in the field 
of critical materials, statements made 
here cannot hope to represent the day 
to day changes in the picture. Addi¬ 
tions such as magnesium, copper, zinc, 
cobalt, burlap, and jute have been made. 
Steps were taken immediately to lay in 
a supply of all these materials against 
the possible severance of our sea-borne 
supply lanes. Ten million dollars were 
earmarked by the Treasury for the cre¬ 
ation of a reservoir of those items, and 
purchasers were encouraged to build up 
large stock piles of them. 

Strategic Wire Materials 

Of the items on the strategic and 
critical list, several are of vital impor¬ 
tance to our wire and cable activities. 
These are . . . aluminum, antimony, 
burlap and jute, copper, lead, silk, tin 
and zinc. Probably the most vital raw 
material to the war effort today is rub- 

(Continued on page 11) 



© 

Figures l (top) and 2 (right) 

In Figure I, we see returned cable being 
stripped of its lead sheathing, which is 
melted and refined for reuse in making of 
new cables. In Figure 2 (a) appears the 
popular "V" joint that affords an effec¬ 
tive saving of solder. In (b) we see the 
older and less economical cable solder 
joint. 


"From a paper delivered before the Wire 
Association at their annual meeting, held in 
October, 1942. 
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I OR Formica, as for many other companies, 
the essential task right now is to supply the 
front with war materials. Everything we have 
is going into that and it will continue to be 
our big job for the duration. 


But so far we have been able to care for 
many users of building and furniture sheet, 
electrical insulation, chemically resistant parts 
and many other plastic laminated products — 
and we will continue to do so as long as we 
are able — to help war-essential civilian ac¬ 
tivities to continue here at home. 


FORMICA INSULATION COMPANY 


4635 


SPRING GROVE AVENUE, CINCINNATI, OHIO 
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And somewhere . . . a pilot gets set to meet a foe he can't see ... a tank 
rumbles into action . . . Navy guns begin to thunder. Coordination of forces, 
fhat is just one of the functions of radio communication in this war. 

Today, Jefferson-Travis is working 100% on the production of radio com¬ 
munication equipment for the armed forces of the United Nations. And our 
entire Organization is dedicated to all-out production until Victory is won. 


JEFFERSON-TRAVIS RADIO MFG. CORP. 

Manufactutets of -fh'xcxaft t Maxine and Mobile JQ&dlo Communication C^uipment 


NEW YORK, N. Y. 


WASHINGTON, D* C 










(Continued from page 8) 

ber. So much publicity has been given 
in the press to this subject and the pos¬ 
sible substitutes for this material, that 
it is not politic at this time to discuss it. 

First on the list of discussion, there¬ 
fore, is aluminum . As you know, alu¬ 
minum was the first fully recognized 
bottleneck in our war effort. Enormous 
expansion of the aluminum industry has 
resulted in more than tripling the manu¬ 
facturers’ capacity since 1940, and a 
50% increase over this year’s highest 
level is scheduled for 1943. However, 
war needs alone in the third quarter of 
this year were expected to be left short 
to the tune of 35% of their demands. 
Consider the effects of this under-ca¬ 
pacity of one-third, when the construc¬ 
tion of even a light interceptor plane 
requires fully two tons of aluminum. 

The Bell System engineers early rec¬ 
ognized this critical state of affairs, and 
set about developing alternative mate¬ 
rials where possible. Such replacement 
was difficult, as in the case of bus bars 
installed in battery rooms. Here alu¬ 
minum was being used until we began 
replacing with copper. By making this 
replacement, even though the cross-sec¬ 
tion of the bar can be substantially re¬ 
duced, the bar’s weight will be increased 
by approximately 100%, and, in many 
cases, may necessitate the redesigning 
of support members. 

Another way in which we have re¬ 
leased aluminum from our operations is 
in the manufacture of switchboard 
cable. Here we long had used an alu¬ 
minum foil tape for keeping out mois¬ 
ture. As the aluminum shortage ap¬ 
peared, we began to use paper tape 
coated with pliolite. Through such 
means we have been able to save, 
through actual replacement in manufac¬ 
turing operations since the institution 
of the alternate material program, 
enough aluminum to build over 735 P- 
40 pursuit planes. 

Lead Sheathings Changes 

Years ago telephone engineers began 
to enclose underground and aerial 
cables in a sheath of lead. But trouble 
began to appear when cable-supporting 
rings eventually wore their way through 
the soft lead coating. Searching for an 
alloying material to strengthen the lead, 
we hit upon three percent tin. Due to 
factors such as the high price of tin, 
our search continued and finally ended 
in the adoption of a 1% antimony— 
99% lead alloy which has been the 
standard sheathing material for tele¬ 
phone cable for more than twenty years. 
Today, however, antimony has joined 
the list of critically scarce materials. 
Before the Sino-Japanese war started 
in 1937, our major supply came from 


China. Today, our most important 
source is Mexico, although Bolivia also 
mines antimony in some quantity, and 
some of our Western states produce 
the metal during wartime. 

Use of Calcium 

Calcium is another material which 
may be used in producing a strength¬ 
ened lead alloy, and thus we are pro¬ 
ceeding with lead-calcium studies. The 
Bell System has in operation today sev¬ 
eral hundred miles of this sheathing 
which has as yet shown no important 
defects. Field tests on our lead-calcium 
sheath for power cable by several manu¬ 
facturers indicate that there are definite 
advantages in the use of this new alloy 
in the power cable field. 

Burlap and Jute Problems 

Burlap and jute are also important 
in our war economy. Jute is the fibre 


from the inner bark of a tall-slender- 
stemmed plant normally grown only in 
Asia. Used in making bagging, carpets, 
and burlap, it finds a telephone applica¬ 
tion in asphalt-impregnated form as the 
exterior coating of cable buried without 
conduit. We have succeeded in replac¬ 
ing these layers with a cotton wrapping, 
leno cloth. 

Posif/on of Lead 

The position of lead is encouraging, 
for, although lead was placed on the 
critical list nearly a year ago, we find 
today that we are able to get as much 
lead as we need for the amount of cable 
we are allowed to make. Additional 
uses we have for lead in the Bell Sys¬ 
tem are as solder and as rust-proofing 
paint. Our domestic mines, producing 
over half the world’s supply of lead, 
have actually produced a small surplus 
this year, and there is little prospect of 
(Continued on page 42) 



Figure 3 

The characteristics of various types of substitute wire coverings. 
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Typical Equipment In 

AIRCRAFT COMMUNICATIONS 

by CHARLES W. McKEE 

Supervisor of Aircraft Radio, Eastern Air Lines Inc. 


A TYPICAL aircraft radio installa¬ 
tion as used oil commercial 
transports comprises the equip¬ 
ment needed to furnish two-way radio¬ 
telephone communication and radio 
navigational aids. 

In this system simplex two-way com¬ 
munications is provided by the use of 
two communication units. Each unit 
consists of the transmitter, receiver and 
power unit. One unit is designated as 
a ‘"standard two-way/’ It operates in 
the high frequency range of from 2.5 to 
12 me. Another unit designated as a 
‘"local two-way” operates in the ultra- 
high frequency range of from 140 to 
143 me. 

Purpose of Two-Way Channels 

Standard two-way channels are 
selected within the 2.5 to 12 mega¬ 
cycles band to provide medium distance 
coverage for communications with near¬ 
by ground stations and also to provide 
channels for long distance coverage so 
that the plane may communicate direct, 
with the dispatch center. Available 
channels in the high frequency band will 
permit the selection of the channel best, 
suited for a specified coverage with due 
consideration to the day and night as 
well as seasonal characteristic of high 
frequency propagation. Ultra-high fre¬ 
quency channels are used for local com¬ 
munications. This service is well suit¬ 
ed for communications near the air¬ 
port and will cover the operation of 
‘"landing” and "take-off” communica¬ 
tions. Due to the fact that the 140 me 
band transmission is limited to the opti¬ 
cal path, a great reduction of inter-air¬ 
port noise is realized. We refer, of 
course, to the adjacent airports, that 
are separated but a few miles. Also, 
the reduction of atmospherics on ultra- 
high frequencies as compared with the 


This is the second of a series of 
analyses of aircraft communication 
equipment and components . Serving 
as an advisory editor for this se¬ 
ries is Frank Melville, world-famous 
transatlantic aircraft communica¬ 
tions expert, and president of the 
Melville Aeronautical Radio School. 


high frequencies is of great value in 
maintaining consistent communications. 

Airport Traffic Control Channels 

In addition to affording communica¬ 
tions with airline ground stations, cer¬ 
tain channels have been selected to per¬ 
mit contacting of the airport traffic con¬ 
trol tower. These channels are very 
important, since the procedure for the 
arrival and departure of aircraft is 
systematically handled to avoid the con¬ 
gestion of traffic at a busy airport. 

Adverse Weather Problems 

During adverse weather when visibil¬ 
ity is poor the Federal air traffic control 
supervises the aircraft traffic over a high 
density traffic air lane. (At all times, 
the ate controls the traffic over the es¬ 
tablished air lane through the company 
dispatcher and the company radio chan¬ 
nels.) This is referred to as Range 
Control, but it is best described by the 
name "‘instrument weather traffic con¬ 
trol.” The airport traffic control func¬ 
tions only in the immediate vicinity of 
the airport. During the period of in¬ 
strument fight weather, the range con- 
tral functions over specified sections of 
all routes that enter the airport as well 

VThe high frequency unit, No. 508, was 
described in September, Communications, pp. 12, 
14, 15, 30 and 34. 


as issue instructions to the Airport 
Control Tower. This procedure gov¬ 
erns the altitude of flight, the order of 
landing and take-off of the planes, and 
in an emergency, to clear the traffic for 
an urgent aircraft landing. 

Another type of communication is 
that which is referred to as "inter¬ 
plane.” The 140.10 me channel is as¬ 
signed to all transport planes. Consid¬ 
eration is being given to the assign¬ 
ment of a high frequency channel for 
this purpose in addition to the ultra- 
high frequency channel. The value of 
the inter-plane channel is obvious as it 
provides for the exchange of weather 
information between passing planes, also 
a means of fast direct communications 
between planes approaching the airport 
during adverse weather conditions. 

The reliability of the two-way com¬ 
munication system is greatly increased 
by the use of two complete independent 
communication units. While both units 
are required for normal service, the sys¬ 
tem is so arranged that in case of a 
failure of one unit, the aircraft involved 
is not completely cut off from radio 
contact with the ground. 

The radio navigational aids used on 
board the aircraft include the radio bea¬ 
con receivers, direction finder, auto¬ 
matic compass and marker receiver. 
This type of equipment on the aircraft 
is used in conjunction with certain 
ground facilities. 

Two-Way Communication Units 

As we mentioned previously, in the 
two communication units used, each 
unit comprises a transmitter, receiver 
and power unit. A frequency channel 
selector, 14 position switch, is used to 
select one of the high or ultra-high fre¬ 
quency channels and to connect the mi¬ 
crophone circuit and control circuit to 
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The cockpit of a typical commercial transport showing the radio controls. At top, center, 
is the two-way radio control panel. At right is the pilot's jack box. In the foreground are 
the radio compass and marker controls. Forward of this control are the compass bearing 
indicators. At the top left of the instrument panel are the marker indicator lights. The 
function switch shown above, used to select the compass condition desired, provides selec¬ 
tion of the beacon receiver, aural null d.f., aural null d.f. with beat frequency oscillator, or 
automatic compass. The function switch connects the loop rotator manual control in the 
circuit only when its service is required, that is; for aural null operation. The sensitivity 
control is connected in the circuit for all conditions except automatic compass, which uses 
audio volume control. The function switch accomplishes these circuit changes. 


the unit that is selected for service. 1 

Voltage Input Relay Control 

Low voltage input is controlled 
through a relay by the master trans¬ 
mitter switch. This is done to avoid a 
long circuit carrying high current 
through the cockpit section to the con¬ 
trol unit. With this switch in the “off” 
position, the two transmitters are in¬ 
operative; however, the microphone is 
connected through the two-way unit out¬ 
put tubes of the receiver. This connec¬ 
tion is available for cockpit interplane 
communications between the pilots. 

Services Provided by Units 

The service obtained from the high 
frequency unit (508) is the reception 
and transmission on any of one of 10 
selected channels at any one time. In 
the ultra-high frequency unit, four serv¬ 
ices are provided. Two independent r-f 
receiver sections are employed in the 
u-h-f unit. One section permits selec¬ 
tion of the 140.10 me inter plane chan¬ 
nel. Another independent section of 
this unit is equipped for the selection of 
any one of the six u-h-f airport control 
tower channels or the two-way com¬ 
munication channels. For u-h-f trans¬ 
mission, any one of four channels may 
be selected, viz., one of the three com¬ 
munication channels or the interplane 
channel. 

Use of Superheterodyne Circuit 

The aforementioned r-f sections of 
the u-h-f receivers employ the super¬ 
heterodyne type circuit with crystal 
controlled heterodyne oscillators. An 
exceptionally good avc supplemented by 
a manual volume control is mandatory. 

Individual switches are provided so 
that either pilot can independently select 
this receiver output for his headset. 
The switch marked local two-way con¬ 
nects to the headset all of the u-h-f 
channels that are selected by the “local 
2-way” and “interplane” channel selec¬ 
tor switches. 

Prefuned R-F Channels 

In one of the receivers there are 
two pretuned radio-frequency amplifier 
channels, one of which is tuned to 278 
kc and the other to 362 kc. Radio fre¬ 
quency amplifier circuits rather than a 
superheterodyne circuit were chosen to 
avoid oscillator interference and to pro¬ 
vide a reasonable stable channel with¬ 
out resorting to the use of crystal con¬ 
trolled oscillators. These channels are 
used for the low-frequency reception of 
the airport traffic control towers. 

The ultra-high frequency channel 


provided in this receiver consists of a 
superheterodyne crystal control circuit 
which is pretuned to operate on one of 
the u-h-f channels. 

Low-Frequency Channel Filter 

To avoid reception of beacon signals 
through the low-frequency channels a 
filter is used to reject the 1020 cps, 
which is the audio component of the 
beacon signal. Unintentional reception 
of a range station through the traffic 
control receiver mixed with the desired 
beacon signal from the beacon receiver 
would produce an error off course indi¬ 
cation. In addition, the error caused 
by use of an antenna other than a type 


suitable for beacon reception and the 
use of avc would be introduced. 

Dual Audio Circuit Relays 

Relays are used in the dual audio cir¬ 
cuits of this receiver to provide the 
amplifier needed in connection with the 
interfone circuit between the cockpit 
and the flight steward. A control switch 
marked radio-interfone when in the 
“interfone” position connects the head¬ 
set and microphone to the first or sec¬ 
ond amplifier of dual amplifier. It also 
supplies low voltage to a vibrator pow¬ 
er pack. And finally the switch dis¬ 
connects all radio circuits from the 
headset and connects the headset to the 
(Continued on page 47) 
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The Steady State 

RESPONSE OF CIRCUITS 

[P4RT ONE OF A TWO-PART PAPER] 


by D. L. WflIDELICH 

Assistant Professor of Electrical Engineering, University of Missouri 



Figure l 

An example in which the usual conception of the steady state is not obeyed. 


W ITH the increased study of non- 
sinusoidal periodic waves has 
come the development of dif¬ 
ferent methods of determining the 
steady state response of circuit to these 
waves. Nonsinusoidal periodic waves 
are encountered frequently, for example, 
in welding, television, and rectifier cir¬ 
cuits, and their resolution has become 
of considerable importance. The sub¬ 
jects to be considered in this paper are 
a discussion of the steady state response 
of circuits and of the various analytical 
methods now used in determining this 
steady response, and the introduction of 
another method of obtaining the steady 
state. 

The Steady State 

The conception of the steady state 
and the transient state is one that has 
permeated much of electrical and radio 
engineering and has been used more or 
less intuitively in many cases. For 
example the actual voice currents in 
telephony and radio are transients 
which approximate the steady state 
closely enough so that in many instances 
they are assumed to be in the steady 
state. In the calculation of steady state 
currents, however, a more exact con¬ 
ception must be used. In circuits with 
linear parameters each sinusoidal com¬ 
ponent of the periodic voltage applied 
to the circuit produces a current com¬ 
posed of two parts; the transient part 
which approaches zero as the time in¬ 
creases and the steady state part. The 
sum of these steady state parts is the 
steady state response of the circuit to 
the periodic voltage applied. This is the 
steady state as usually given in text 
books 1 ’ 2,8 . Another equivalent concep¬ 
tion is that used in a recent analysis 4 
in which in the steady state of all cur¬ 
rents and charges at any time of one 
period are made equal to the same cur¬ 
rents and charges at a time one period 
later. This is equivalent to the first 
conception since all sinusoidal functions 
will have the same values at times 
separated by one period. If more than 
one non-sinusoidal periodic voltage is 
applied to the circuit, the superposition 
theorem may be used, and the steady 


state effects of each voltage may be con¬ 
sidered individually. 

For non-linear circuit parameters the 
problem of determining the steady state 
is much more complicated, and in some 
cases a steady state as given above does 
not exist. To circuits in which the 
parameters are functions of time alone, 
the superposition theorem may be ap¬ 
plied, but this theorem is not applicable 
to non-linear circuits in which the para¬ 
meters depend upon the current or 
voltage. Each non-linear case must 
then be considered on its own merits, 
but the steady state for many cases may 
be calculated by putting the charges and 
currents at one time equal to the 
charges and currents one period later 
(or in some cases n periods later where 


n is an integer). This method, for ex¬ 
ample, has been used in rectifier an¬ 
alysis". On the other hand an illustra¬ 
tion will be given of a non-linear cir¬ 
cuit with a current which is seemingly 
steady state and yet is not periodic since 
each current pulse differs from every 
other pulse. The non-linear element in 
the circuit of Figure 1(a) is a diode 
tube which conducts current only when 
the anode of the tube is positive with re¬ 
spect to the cathode and then with 
i = ke (8/a) where i and e are the cur¬ 
rent through and voltage across the 
tube respectively and k is a constant. 
The resulting pulses of current are 
shown in Figure 1(b). For circuit re¬ 
sponses like that of the illustration a 
more general conception of the steady 
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M-Day on, the Government has made long-range plans 
which at first may have seemed to deal with grandiose and 
astronomical quantities. Men in a position to know, however, 
realized that only such careful thinking and acting ahead could 
win the greatest industrial offensive of all time. In your produc¬ 
tion campaign, too, let logistics precede strategy and tactics. 
Make sure that you will have the necessary tubes to meet your 
delivery schedules. If you will look to the future, Hytron will do 
its bit toward turning a tube seller's market into a tube buyer's 
market for you. 


ImmediateProduc+ion Already Scheduled Facilities Available This Winter 



Already the procurement divisions of far¬ 
sighted manufacturers and government 
agencies, after conferring with Hytron en¬ 
gineers, have contracted for present pro¬ 
duction capacity at Hytron. Their tube 
needs have been fitted into a production 
plan which will give them the tubes they 
want, when they want them. Whenever 
possible, small orders for standard Hytron 
types will be filled on short notice. Please 
keep in mind, however, the difficulties of 
procuring materials, of diverting produc¬ 
tion facilities for small runs, and of train¬ 
ing new workers. 


Place your orders for late Fall delivery 
NOW, to take full advantage of the pro¬ 
duction facilities to be available later. 
Give Hytron a chance to add to its sched¬ 
ule now the tubes you will need in large 
quantities at the end of ’42, at the begin¬ 
ning of ’43. Let Hytron help you to avoid 
those echoes of a seller’s market: “Sorry, 
but—. With regret—. Unfortunately,— 
Quadrupled War production space, fast 
being converted into a beehive of activity, 
is Hytron’s assurance that your anticipa¬ 
tory orders will be shipped on schedule. 


REMEMBER — With your cooperation , it's a Tube Buyer s Market at Hytron, 
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Figure 2 

The steady state response of an RC circuit to a sawtooth voltage wave. 


state seems to be required. 

Calculating the Steady State 

The steady state current of a circuit 
with linear parameters may always be 
and usually is presented in the form of 
a finite or infinite Fourier series. There 
is another way, however, in which 
many steady state currents may be pre¬ 
sented, and this is in the form of a 
sum of these series where the sum may 
be expressed as a function of time 
which is repeated every cycle. Not all 
currents may be presented in this sec¬ 
ond form since the sum of any series 
have not been studied as yet. A square 
wave current may be expressed, for 
example, as a function of time which 
has the value (+1) for the first, third, 
fifth, etc., half cycles and (—I) for 
the second, fourth, sixth, etc., half 
cycles, or it may be expressed as a 
Fourier series. 

There are several methods of calcu¬ 
lating the steady state currents, and 
these will be considered along with 
their advantages and disadvantages. 
The first method 3 consists in expand¬ 
ing the periodic voltage e(t) applied to 
the circuit into a Fourier series 

e(t) = E dc + S E mn sin (na>t + 0„)(l) 

n — 1 

where t is the time in seconds, E D c is 
the average or d-c voltage, E mn and 0 n 
are the maximum value and phase angle 
respectively of the nth harmonic volt¬ 


age and the period of the voltage e(t) 
is T = (2 tc/(o) = (1/f). By use of the 
superposition theorem the nth harmonic 
steady state current is obtained from 
the nth harmonic voltage and the nth 
harmonic impedance. All of the cur¬ 
rents are then added to produce the 
steady state current 
Edo 

i*(t) —-b 

R 

oo p mn 

2 -sin (mot + 0 n — co n ) (2) 

n=1 Z n 

where R is the d-c resistance of the 
circuit, and Z H and <?„ are the magnitude 
and angle of the nth harmonic imped¬ 
ance. This method has the advantages 
of being straightforward and of show¬ 
ing the harmonic currents, but since the 
current is in the form of an infinite 
series, the wave form is often tedious to 
calculate, and the effects of changing 
parameters in the circuit may be diffi¬ 
cult to estimate. 

By putting the currents and charges 
at one value of time equal to the cur¬ 
rents and charges one period later, the 
steady state response may also be found, 
and this may be called the second 
method. This method has been carried 
out using differential equations with the 
initial conditions as unknowns to be de¬ 
termined 4 . This may also be ac¬ 
complished by using operators 6 or by 
using Laplacian transforms 7 . When 
using operators or Laplacian transforms 


the operational forms of the periodic 
voltages applied to circuits are useful 
and may be obtained rather simply 6 . 
The advantage of this method is in that 
if the voltage applied to the circuit is 
expressed as a sum function of a series, 
the current may oftentimes be expressed 
as a sum function also, and thus wave 
form plots may be easily done. On the 
other hand the initial conditions are un¬ 
knowns and must be solved for from a 
system of linear equations. This solu¬ 
tion may be tedious for many circuits. 

It is possible to obtain the complete 
transient and steady state response of 
a circuit by the use of differential equa¬ 
tions or operational methods and then 
by inspection determine which terms 
are the transient and which are the 
steady state terms 8 . This might be 
called the third method, and if the ap¬ 
plied voltage is expressed as a Fourier 
series, the resulting current expression 
is a Fourier series also and thus has 
the disadvantages of the first method 
plus the added difficulties of' obtaining 
and separating the transient terms. If 
the applied voltage is expressed as a 
sum function, each period (or perhaps 
part of a period) must be treated as a 
separate problem with the final currents 
and charges of one period equal to the 
initial currents and charges of the next 
period. This is repeated for period after 
period until the response for one period 
does not differ sensibly from that of the 
preceding period, and this response may 
then be taken as the steady state. This 
last way of obtaining the steady state 
has been called the “transient-series” 
method 4 , and in general is very labori¬ 
ous. It is in most cases simpler and 
quicker to use the second method. 

introduction of Another Steady 
State Method 

The steady state current of a circuit 
with a periodic voltage e(t) applied is 
i.(t) = A(o)e(t) + 

J.*e(t T t)A'(T)dT (3) 

where A(t) is the indicial admittance 
of the circuit 3 , i.e., the current resulting 
from the application of unit voltage to 
the circuit time t = 0 and A'(t) is the 
derivative of A(t) with respect to t. 
The equation (3) may be used only 
when the infinite integral converges, 
and this convergence will be discussed 
in due time. There are several other 
useful forms of (3) ; two of which de¬ 
pend upon the periodicity of e(t). If 
the period of e(t) is T = 2 tc/o> = 1/f: 
is(t) = A(o) e(t) + 

J 0 T e(t — t) f' (t) dr (4) 

where 

fW = A'(t) + 

A'(t + T) + A'(t + 2T) +. 

or 

i-(t) = A(o)e(t) + 

j'S-T e(r) f'(t— r) dr (5) 
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The indicial admittance A(t) may be 
found by the use of the differential 
equations for the circuit, but the 
quicker method is to find the opera¬ 
tional impedance Z(p) of the circuit 
and by the use of a table of equivalent 
operational forms 10 , A(t) may be ob¬ 
tained. Sometimes a graphical plot of 
A(t) can be obtained front oscillograms 
or other data, and this information can 
then be used in (3). If e(t) is ex¬ 
pressed in the form of a Fourier series, 
equation (3) is the better form to use, 
although in most of these cases it is 
easier to use equation (2) directly. If 
e(t) is expressed, however, as a sunt 
function, equations (4) and (5) are 
more applicable and give the result de¬ 
sired with much less effort than the sec¬ 
ond method outlined above. The use 
of equations (4) and (5) eliminates the 
necessity of solving for the initial con¬ 
ditions as is done in the second method. 
The expression for i s (t) in (3), (4), 
or (5) will give either a Fourier series 
or a sunt function depending upon 
whether e(t) is expressed as a Fourier 
series or as a sum function. Graphi¬ 
cal solution of these equations for i s (t) 
is also possible. 

In equation (3) the periodic voltage 
e(t) must be used for an infinite num¬ 
ber of cycles before time t, and hence 
all transient terms will have disap¬ 
peared to leave only the steady state 
current. This fact connects this equa¬ 
tion with the third steady state method 
outlined above. 

The proof of the equation (3) has 
been outlined in Appendix I***, and the 
proof requires that the networks be 
dissipative in nature or in other words 
that the roots of Z(p) all have a nega¬ 
tive real part. This is true for all 
physically realizable networks, and for 
many problems it would be sufficient to 
stop here. Non-dissipative networks 
(roots of Z(p) have a zero real part) 
are used, however, as theoretical ap¬ 
proximations to dissipative networks 
which have relatively small amounts of 
resistance, and hence non-dissipative 
networks should be discussed also. In 
the following if a network has a Z(p) 
with at least one root having a zero real 
part, it will be classed as a non-dissipa¬ 
tive network. 

In non-dissipative networks there are 
an infinite number of steady state re¬ 
sponses because some or all of the 
transient terms (providing their coeffi¬ 
cients are not zero) will never die out 
and for each different value given to 
the coefficients of these terms a new 
steady state response will result. One 
of these responses must be chosen, and 
the one chosen in most cases is that ap¬ 
proached by allowing the network to be 
dissipative and to have resistance and 

***To be published in November, 1942, Com¬ 
munications. 


then to make these resistances approach 
zero as a limit. This is equivalent to 
giving to the roots of Z(p) a negative 
real part, calculating the steady state 
response, and then taking the limit of 
the response as the real part of these 
roots approach zero. In addition this 
method is equivalent to putting the co¬ 
efficients of the transient terms equal 
to zero and will produce the same re¬ 
sult also as equation (2). To use equa¬ 
tion (3) in calculating the steady state 
response of non-dissipative circuits 
there are then two methods available. 
The first consists in putting resistances 
in the circuit, calculating the response 
by the use of equation (3), and then 
allowing all of these resistances to ap¬ 
proach zero as a limit to give the re¬ 
sponse of the non-dissipative circuit. 
The second method is a variant of the 
first and consists in using finite resis¬ 
tances in the circuit so small that they 
will not affect for all practical purposes 
the response of the circuit. 

There are two other special cases 
which mat'’ be treated in the same way 
as other non-dissipative networks, but 
since these cases are encountered so 
frequently special forms of equation (3) 
will be given for them. The first of 
these is the case of a pure capacitive 
path through the network and can be 
recognized by the fact that Z(p) ap¬ 
proaches zero as p approaches infinity, 
or in other words p = co is a root of 
Z(p). In this case Z(p) can be ex¬ 
pressed as the quotient of two poly- 

*Atl the roots of Z(p) must have a negative 
real part. 


nomials in p: 

1 a rtl p rtl + a r p r +.+ a 0 

Z(p) b r p r + b r . x p r_1 +.+ b 0 

where the a’s and b’s are real constants. 
By dividing the denominator into the 
numerator, 1/Z(p) may be written as: 
1 a,.*! 1 _ 1 

— p 4 — Cp 4- 

Z(P) Z(p) Z(p) 

If now the A(t) corresponding to Z(p) 
is found*, the equation (3) becomes 11 : 

i s (t) = A(o) e(t) 4- 

j1e(t —t) A'(T)dT 4-Ce'(t) 

( 6 ) 

In this equation e(t) must be continuous, 
or for practical voltages there must be 
no instantaneous jump in voltage. 

The other special case is that of a 
pure inductive path through the net¬ 
work which can be recognized since 
Z(p) will approach zero as p ap¬ 
proaches zero or in other works p = 0 
is a root of Z(p). If a d-c voltage is 
applied to this circuit, there will never 
be a steady state since the current will 
increase without hound. For a steady 
state to exist in this case, e(t) must 
not have a d-c component, i.e., E DC must 
be zero. When a voltage e(t) without 
a d-c component is applied to a pure in¬ 
ductance L, the steady state current 
would be 

1 

is(t) = — tVe(t) dt — K 

L 

where the constant K may have an in¬ 
finite number of values corresponding 
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Figure 4 

The steady state response of an inductance to a square voltage wave. 


to the infinite number of steady state 
responses. For the particular response 
desired here, the constant K must 
be equal to the average value of 
[(1/L) JV e(t) dt] where the average 
is taken over one period or an integral 
number of periods. Thus 


1 1 

K = — J 0 T — Jo* e(t) dt 
T LL 


dt 


This particular value of K was chosen 
so that the average value of the steady 
state current over one period is zero. 
That the average value must be zero 
may be seen by considering the Fourier 
series expansion of the steady state 
current. For a general circuit now 
with a pure inductive path the recipro¬ 
cal of the impedance Z(p) may be ex¬ 
pressed as: 


1 a r p r + a r -i p r_1 +.+ 


Z(p) b r * a p Tfl + b r p r +.+ bip 

a r x -f- a r -i x 2 + . . . -f- a D x r +1 


brti + b r x + . . . + b a x r 

where p= (1/x) and the a’s and b’s 
are real constants. Again by dividing 
the denominator into the numerator 
1/Z(p) may be written as: 

1 a Q x 1 1 1 

Z(P) b, Z(p) T.p Z(p) 
If again the A(t) corresponding to 
Z(p) is found**, equation (3) becomes: 


i.(t) = A(o) e(t)+ 

CO = 1 

Jo e(t — t) A' (t) <k + — 

L 

Jo'e(t) dt — K (7) 

where e(t) does not have a d-c com¬ 
ponent and where 

K= (1/T) J 0 T [1/E] Jo*e(t) dt] dt . 

If there happens to be more than one 
pure capacitive or pure inductive path 
through the network, the procedure is 
the same as that above. It is quite pos¬ 
sible that explicit expressions for i s (t) 
may be developed for some other special 
cases also. 

The use of equation (3) for other 
problems such as transmission line 
problems has not been investigated as 
yet, but in any case the convergence of 
the integral will depend upon the form 
of A(t). 

The total current response i(t) of a 
circuit to a periodic voltage applied at 
t = 0 is the sum of the steady state cur¬ 
rent and the transient current and is 
given by an expression 0 somewhat re¬ 
sembling equation (3) : 
i(t) = A(o) e(t) + 

Jo* e(t — t) A'(t) dT 

The transient current i™ (t) is the 
difference of the total current and the 
steady state current and is expressed as: 
ini (t) — i(t) —i 5 (t) — — 

J t e(t — t) A'(tt) dr (8) 

Equation (8) must be used with the 


**A11 the roots of Z(p) must have a negative 
real part. 


***To be published in November, 1942, Com¬ 
munications. 


realization that the same restrictions ap¬ 
ply to it as apply to equation (3). 

Three examples 

The first example uses a periodic 
voltage much like the sweep voltage of 
a cathode ray oscillograph and applies 
it to a resistance and condenser in 
series. The circuit diagram is that of 
Figure 2(a), and the voltage is the 
“saw tooth” wave of Figure 2(b). The 
resulting steady state current is also 
shown in Figure 2(b) and has been 
drawn for y = o>CR — 2. For this ex¬ 
ample Z(P) has one real negative root 
(—1/RC), and equation (5) has been 
used to determine the steady state cur¬ 
rent. The details of the work are pre¬ 
sented in Appendix II. * * * 

The periodic voltage of the second 
example is one encountered in some 
rectifier circuits and is applied to the 
circuit of Figure 3(a) consisting of a 
pure capacitance in parallel with an in¬ 
ductance and resistance in series. The 
“sine loop” voltage applied and the re¬ 
sulting steady state current are indi¬ 
cated in Figure 3(b). This current 
has been calculated for the values 
((oL/R) = 2 and toCR = 0.25, and this 
particular circuit has been used to il¬ 
lustrate the effect of a pure capacitance 
path in the network. 

The third example shown in Figure 
4, consists in applying a “square” wave 
such as is used in testing amplifiers to 
a pure inductance and is intended to 
illustrate the calculation of the steady 
state current for a pure inductive path. 
The resulting steady state current has 
the triangular wave shape of Fig. 4(b). 
The current has also been calculated by 
assuming that the inductance has a re¬ 
sistance R and then allowing the re¬ 
sistance to approach zero. All of the 
above examples may be checked by the 
use of the Fourier series expansion. 

Conclusions 

1) —The steady state may be speci¬ 
fied exactly for linear networks, al¬ 
though for the non-dissipative linear 
networks one of the infinite number of 
possible steady states must be chosen 
and the one chosen in most cases is that 
approached by a dissipative network as 
all of its resistances approach zero. For 
a non-linear network it appears that a 
more general definition of the steady 
state is necessary. 

2) —The steady state response of a 
circuit may always be expressed in the 
form of the Fourier series expansion, 
but many may also be expressed as a 
sum function of the series. The Fourier 
series is useful in obtaining the ampli¬ 
tudes of the harmonic currents, but is 

(Continued on page 46) 
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to the designers of electronic equipment 

//// LENZ is an organization of special- other types of electronic equipment. 

ists in design of wires and cables This specialized experience and 

1 for electronic equipment. You’ll find the facilities of the LENZ organization 
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QUARTZ CRYSTALS IN RADIO 

by C. F. BALDWIN 

Radio, Television and Electronics Department, General Electric Company 


O UARTZ, one of the oldest sub¬ 
stances to be found in the earth’s 
crust, plays an extremely impor¬ 
tant part in some of the most modern 
of sciences, radio and television. Many 
minerals are used in infinitely larger 
quantities to fill the needs of, man, but, 
in general, those which are used for ex¬ 
acting applications require some special 
treatment or alloying before they are 
ready for use. Even though used in 
extremely critical applications, quartz 
requires only straight fabrication to 
render it suitable for so-called oscilla¬ 
tors, resonators and filters. It embodies 
certain unusual electro-mechanical char¬ 
acteristics to a degree which so far have 
not been duplicated, or closely ap¬ 
proached, by man-made substitutes pro¬ 
duced in the laboratory by the best sci¬ 
entific methods at our disposal. More¬ 
over, quartz not only provides these es¬ 
sential requisites but does so in an ex¬ 
tremely small and compact form. 
Although the mother crystal as mined 
may be large, the ultimate pieces or 
‘‘blanks” cut therefrom and properly 
processed are small. Finished crystals 
are in general smaller in area than a 
postage stamp and about as thick as a 
piece of thin cardboard. The space 
which must be allocated in an equipment 
to accommodate the crystal unit, there¬ 
fore, is small in comparison with that 
required for many other component 


parts. In fact, the crystal seems to be a 
“natural” for the applications to which 
it is inherently suited. 

The number of crystals in use has in¬ 
creased greatly during the last few 
years until now they are indispensable 



Figures I (top) and 2 (bottom) 

At top appears a Brazilian native cutting 
o-ff a clear portion of a large mother 
crystal. At bottom we see a typical quartz 
mining section in Brazil. 


in many branches of our communication 
system. 

Function of the Crystal in Radio 

Radio equipment makes use of electri¬ 
cal networks of many kinds. Included 
among these are oscillator and filter 
circuits. The oscillator circuit produces 
radio signals, usually of high frequency 
or short wavelength. The output of such 
oscillators is amplified and radiated as 
radio waves, or if the communication 
range needed is small it may be put on 
the air without further amplification. In 
any case, it is necessary that the radi¬ 
ated signals be of an assigned and con¬ 
stant frequency in order that they be 
picked up at precisely the expected 
point of tuning in the associated receiv¬ 
ing sets. Moreover, the ether today is 
crowded with radio signals of many dif¬ 
ferent frequencies and it is only by the 
most careful assignment of frequency 
channels, and the extremely close 
adherence to assigned frequencies 
by the operating stations, that a com¬ 
pletely chaotic condition of radio inter¬ 
ference is prevented. For example, in 
the standard broadcast band alone there 
are roughly 1000 different stations op¬ 
erating within a band of about 1000 kc, 
and we are all familiar with the poor 
intelligibility that occurs when even two 
of these programs emerge from the 
loudspeaker simultaneously. The Fed¬ 
eral Communications Commission can 
only assign a suitable “channel” to a 
transmitter and prescribe certain prin¬ 
ciples of control, but it is the responsi¬ 
bility of the radio engineer to design, 
and <the manufacturing groups to build 
equipment which will meet frequency 
requirements. 

Since the frequency of an oscillator 
is determined principally by the magni¬ 
tudes of the reactive components used 
in the circuit, and since these compo¬ 
nents are ordinarily affected by aging 
and by changes in temperature (humid¬ 
ity and physical relationship) it is ap¬ 
parent that there could easily be serious 
variations in output frequency from 
time to time unless some kind of sta¬ 
bilization is applied. 

This situation can be and has in some 
cases been well enough remedied for 
certain applications by means of very 
{Continued on page 22) 
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^ This tiny relay weighs less than an ounce but it’s a cocky and energetic little bantam 
. . * full of life and fight—in a small way, of course—but plenty sufficient for its job 
in aircraft and radio where small size and light weight are at a premium. And tough, 
too . . . tough enough to withstand 10 g’s vibration. Like to know more about it? A post¬ 
card will do—ask for Bulletin on the 195 series. No obligation. 
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Figures 3 (left) and 4 (bottom) 

In Figure 3 appears a raw quartz crystal of 
the peak prismatic type, shown against a 
scaled screen background to indicate relative 
size. In Figure 4, we have another raw quartz 
crystal, this one, however, of the irregular 
type. This type does not carry any faces at 
all, since they have been chipped off during 
mining. Thus the setting up of these stones 
for precise cutting in the crystal laboratory is 
more difficult, requiring the use of special 
optical and x-ray equipment. 




specially designed coils, capacitors and 
resistors; by temperature compensation, 
temperature control, etc. The need ex¬ 
isted, however, for a small compact and 
permanent circuit element which when 
inserted in the system would relegate 
the frequency effects of circuit compo¬ 
nents from a first order to a third or 
fourth order effect. 

It has been found that a quartz 
crystal "plate,” properly cut from the 
mother quartz and correctly ground and 
mounted, is exactly such a device. 

In some applications the output of the 
crystal controlled oscillator is not "put 
on the air” at all, but its fundamental 
and harmonics are used to check and 
thereby afford a quick and simple means 
of correcting or adjusting the scale of a 
master oscillator. When used as a filter, 
such as in the i-f stages of a radio re¬ 
ceiver, its value lies in its extremely 
sharp frequency discrimination. 




Source and Origin of Quartz 

Quartz, whose chemical name is Sili¬ 
con Dioxide (Si 0 2 ), is found princi¬ 
pally in the states of Minas Geraes, 
Bahia and Goyaz, in the country of 
Brazil. It is obtained by simple mining 
and usually has to be transported sev¬ 
eral hundred miles to the seacoast for 
shipment. It is mined by natives using 
rather primitive methods. The difficul¬ 
ties encountered in actually getting the 
material out of the earth and to its des¬ 
tination are many. Typical of the prob¬ 
lems encountered was the experience of 
an American buyer who awoke one 
morning in the mountains about 400 
miles from Rio de Janeiro to find that 
his entire force of native miners had 
simply disappeared overnight, for no 
apparent reason, just as he was about 
to start mining on a paying scale. They 
were not seen again and apparently had 
remembered something they had to do 
back home. It was then necessary for 


the buyer to return to Rio and organize 
another expedition. 

It is rather unique that quartz of 
good piezo-electric quality is not found 
to any great extent elsewhere than in 
Brazil. Even there the quality varies 
considerably with the region in which 
it occurs. In one locality the best look¬ 
ing material is found, but its actual 
value is reduced by a high percentage 
of "twinning”; in another, less desir¬ 
able sizes and shapes occur, but the 
quality is better; in another the shape, 
size and quality are all good, but the 
quantity readily available is small, etc. 
In all of these regions the quartz ap¬ 
pears in a variety of forms. 

The "pyramid,” or prismatic type 
(Figure 3), comes in the shape of a 
truncated hexagonal prism, terminated 
in a well formed peak or pyramid at one 
or both ends. These prisms are remark¬ 
ably formed in that their flat faces make 
very definite angles with one another 


and with the various lattice planes and 
axes of the basic structure. This form 
is desirable because of the fact that the 
facial planes may be used as physical 
references for the precise orientation of 
the plates to be cut therefrom. It is fre¬ 
quently found, however, that the most 
beautiful of these contain the greatest 
amount of unusable material. 

"Faced” stones are similar to the 
prismatic types, except that for one 
reason or another some of the faces 
have been destroyed and only two or 
three remain. These can be still used, 
with somewhat more difficulty, to indi¬ 
cate the correct blank orientation. 

The "irregulars” (Figure 4) are 
those which carry no faces at all, due 
to their having been chipped off during 
the mining operation. The setting up of 
such stones for precise cutting in the 
crystal laboratory is more difficult in 
that special optical and x-ray equip- 
(Continued on page 24) 


22 * COMMUNICATIONS FOR OCTOBER 1942 







Radio Communication Systems 

DESIGNED AND ENGINEERED TO FIT SPECIAL NEEDS 


COMMUNICATIONS FOR OCTOBER 1942 • 23 













ment must be used to locate the direc¬ 
tion of the various planes and axes. 
However, it is an ill wind that blows 
no good, and such pieces are frequently 
of better quality. This is because many 
of the defects in quartz occur near the 
surfaces and the chipping off which has 
taken place tends to remove much of 
the defective material. 

“River” quartz (Figure 5) is an ex¬ 
tremely interesting variation, from a 
geological standpoint. These pieces, 
which were broken from basic rock 
in some way ages ago, have been rolled 
around in river beds until the outer 
faces have been removed and by con¬ 
stant abrasion the entire piece has ap¬ 
proached the spherical shape. These 
pieces also are high in usable content. 
Frequently they are opaque due to a 
gravelly surface formation which com¬ 
plicates their inspection and orientation. 

All types are brought to this country 
for utilization and are sold at various 
prices per pound, depending upon the 
size, shape and quality. Since the lower 
grades cannot be used to good advan¬ 
tage, many inspections and gradings 
take place in Brazil in order to prevent 
the export of worthless material. At 
best, however, there are still some in¬ 
tangibles involved in the grading of 
quartz. One defect in particular known 
as “180° twinning” cannot be definitely 
detected until the piece has been cut 
open and acid etched. An experienced 
grader, by certain intelligent guesses 
based on symptoms which he has 
learned to diagnose, can keep the num¬ 
ber of such cases to a safe minimum. 
Too exacting specifications may result 
in the securing of insufficient quartz; 
too lax requirements will result in seri¬ 
ous manufacturing difficulties. 

Quartz occurs in a great variety of 
sizes all the way up to 100 pounds. 
Specimens weighing five tons have been 
found, but are too large for commercial 


cutting; ]/ 2 pound to 10 pounds is the 
range most used today. 

Good quartz generally is glass clear, 
but sometimes is smoky, or yellow. The 
rich yellow grades are known as “cit¬ 
rine” and are sometimes cut into gems 
closely resembling topaz. In fact, some 
“citrines” are more beautiful and iri¬ 
descent than the genuine topaz. The yel¬ 
low'' or smoky quartz in general works 
as well piezo-electrically as the clear 
variety. The milky type, however, is 
low in operating value and generally is 
not used. 

The Nature of Quartz 

As stated previously, quartz is by 
composition S[ 0 2 . But the manner in 
which the atoms of silicon and oxygen 
are layed together is highly intricate. 
Silicon dioxide can be produced in the 
laboratory and to a higher degree of 
purity than has been achieved by 
Mother Nature. To so lay up the atoms 
or molecules that the resulting sub¬ 
stance is piezo-electric constitutes a 
problem of considerable magnitude, 
however, and one which so far has not 
been fully solved. 

Quartz has a hardness of 7, which is 
3 points softer than diamond on the 
Mohs scale, but it is still a durable ma¬ 
terial. As such, it requires the same 
cutting and grinding procedure as 
precious stones. It is optically birefrin- 
gent and possesses double refraction 
properties similar to calcite. It is slowly 
soluble in hydrofluoric acid and, in 
fact, etching with this acid is one means 
of locating certain faults and of clean¬ 
ing the surfaces. 

The term “twinning* 7 as applied to 
crystal refers to a peculiar form of non¬ 
linear growth. Quartz possesses the 
power of rotating light traversing it in 
a direction parallel to the “optic” axis. 
Some crystals rotate the light in a 


Figures 5 (left) and 6, 7 and 8 (bottom) 

In Figure 5 appears a typical river quartz type 
crystal. These pieces come from basic rock 
from which they have been broken away and 
rolled around in river beds until the outer 
faces have been removed. Its shape is the 
result of constant abrasion. In Figure 6, we 
have an equivalent circuit of a quartz crystal. 
In Figure 7, the frequency-reactance charac¬ 
teristic of quartz crystal is shown, while in 
Figure 8 appears the frequency-impedance 
characteristic of a quartz crystal. 
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Figure 9 

The frequency-reactance characteristics of quartz crystal, showing the various modes of oscillation. 


right- and some in a left-handed direc¬ 
tion and are called right-and-left¬ 
handed, accordingly. Unfortunately, a 
large percentage of the specimens found 
seem to have been unable to make up 
their minds during their million years 
of adolescence and as a result grow in 
both directions, i. e., right- and left- 
handed. In this way, an undesirable 
growth is formed which is sometimes 
called '‘random twinning.” This type 
of twinning is visible under polarized 
light. In another form all parts of the 
crystal may be of the same rotation but 
due to a sort of growing together of 
two formations having opposite electri¬ 
cal polarities, the condition known as 
"180°” or "electrical” twinning occurs. 
This type of twinning is not visible un¬ 
der the polar iscope, but is clearly 
brought out by hydrofluoric acid etch¬ 
ing. There are many variations of 
these defects and there is also the so- 
called "needling” or threadlike inter¬ 
growth. This is visible under strong 
light converging within the crystal. 

Historical Data 

It was discovered by the Curies 
about the year 1880 that quartz pos¬ 
sessed what is known as the "piezo¬ 
electric” property. Briefly stated, this 
means that when the substance was 
pressed or squeezed in a certain direc¬ 
tion electrical charges were developed 
at certain points on the quartz surface. 
(The prefix "piezo” is derived from the 
Greek word "Piezein,” which means "to 
press.”) This is known as the "direct 
effect.” Later it was found by Lippman 
that the reverse was also true. If a 
potential difference were applied to the 


crystal in a certain way the crystal be¬ 
came deformed and remained so until 
the applied voltage was removed. This 
is now called the "indirect effect.” 

Although these discoveries were later 
to become of considerable importance, 
they lay practically dormant until after 
the advent of radio. About 1920, Cady 
found that a crystal could be so fabri¬ 
cated and coupled to an oscillating cir¬ 
cuit as to closely control the frequency 
of oscillation. This was because the 
crystal possessed a relatively high nat¬ 
ural vibration frequency and by virtue 
of its piezo-electric property this nat¬ 
ural vibration frequency could be read¬ 
ily coupled to an oscillating vacuum 
tube circuit. Electrically the crystal ap¬ 
pears to the vacuum tube as a tuned 
circuit of extremely high "Q,” having 
the reactive values necessary to sustain 
oscillation and to control the frequency 
of oscillation to a hitherto unknown de¬ 
gree of stability. 

Electrical Characteristics of Quartz 

The piezo-electric effect is the basic 
property which gives to the crystal the 
characteristics necessary for frequency 
control. But the manner in which these 
properties appear merits further consid¬ 
eration. 

In order to make use of the crystal 
as an oscillator, resonator or filter, it is 
necessary that it be mounted between 
metal electrodes of some kind which 
serve to set up the necessary field, and 
also to afford connections from the 
crystal to the associated circuit. Super¬ 
ficially, such a "sandwich” has the ap¬ 
pearance of a simple capacitor with the 
quartz serving as the dielectric. It is a 
capacitor, but hardly a simple one. If 


measured at low frequency, or even at 
most high frequencies, it will appear as 
a capacitor of perhaps 15 micromicro¬ 
farads, depending upon the dimensions 
of the crystal and electrodes. 

Such a device, however, in the ver¬ 
nacular of the patent attorney, is "a 
vibratile element” and it is "well known 
to those skilled in the art” that it has 
one or more natural periods of vibra¬ 
tion. While the strings of a piano are 
tuned to vibrate at different low fre¬ 
quencies to produce the desired musical 
notes, such as 256 cycles per second for 
middle "C,” etc., the crystal is tuned to 
vibrate at millions of cycles per second 
h)' properly adjusting its dimensions. If 
the crystal could be alternately squeezed 
and released at a rate corresponding to 
its natural frequency, the piezo-electric 
action would reach a maximum, and 
relatively high surface voltages would 
be developed. Conversely, if it is ex¬ 
cited electrically at its natural frequency 
there will be a maximum of deforma¬ 
tion; if the applied r-f voltage is high 
enough the blank will actually tear itself 
apart. 

It is in this region of resonance that 
the crystal functions when used in con¬ 
junction with a radio circuit, and it is 
here that it exhibits its unusual charac¬ 
teristics. 

Although there are ordinarily several 
points of resonance, it is customary to 
make use of but one in a given setup. 
Close together in the resonance region 
are the points of series resonance and 
of parallel, or anti-resonance. At series 
resonance the impedance is at a mini¬ 
mum and is a pure resistance'; at anti- 

(Contimted on page 37) 
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Army 


You can (1) serve your country, (2) learn the 
rapidly advancing science of electronics, 
(3) prepare yourself for a promising career 
after the war by joining "The Nerve Center 
of the Army” now. 


Men are needed now to man America's electronic 
weapons. 

This is a war of communications. "The message 
must get through!" Radio communication equipment 
and electronic devices known only to the men of the 
U. 5. Signal Corps are fighting the war on world fronts* 


U, 5, Army Signal Corps Photographs 
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service of future electronic devices. This is a highly 
specialized field, and good men will be in demand. 

If you are noy^an expert in radio, or are ambifipus 
and willing to learn at good pay, General Electric 
urges you to consider the Signal Corps now. The Signal 
Corps is also sponsoring courses in the fundamental 
theories of radio and electronics in many colleges 
and universities,.. . Get in on the ground floor today! 


Here is an outstanding opportunity for radio and 
communications men to do their part, and at the 
same time get the finest possible training in; one of 
the brightest after-the-war industries. 

The electronics field is still in its infancy. Ten years 
ago there were comparatively few electronic devices. 
Today there are more than a thousand kinds of elec¬ 
tronic devices at work in factory, hospital, office, cot¬ 
ton mill, steel mill, the home and on the fighting front! 

General Electric is a leader in .electronic research. 
We are definitely interested in having available, 
when victory comes, trained men for the sales and 


For further information regarding enlistment, call at the nearest Army Recruiting 
and Induction Station. Or write to "The Commanding General" of th^ Service 
Command neatvsS you. For Civilian Training information, call at any office of 
the U. S. Civil Service or U. $, Employment Bureau. 




research 


Lender in radio, television. 


This is a General Electric electronic radio tube . 
General Electric is building thousands and 
thousands of electronic tubes , of many sizes 
and styles, for use in Uncle Sam's radio com¬ 
munication equipment and electronic weapons . 
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NEWS BRIEFS OF THE MONTH...- 


NAVY ASKS FOR ENGINEERS 

Among the most urgent needs of new 
officer personnel in the United States Navy 
is for professional technicians in engineer¬ 
ing fields, the Director of Naval Officer 
Procurements, Chicago, has announced. 

Perhaps first in the list are graduate 
electrical engineers, those mainly between 
21 and 50 years who have followed elec¬ 
trical engineering since their graduation, 
and who have a knowledge of ultra-high 
frequencies, electronics and television. 
Those more familiar with power engineer¬ 
ing likewise may find a place in the Navy 
which is interested in these men in ages 
up ts 50 years. Electrical engineers are 
needed especially in the Navy’s fields of 
radio and detection devices. Men with 
radio or communication engineering de¬ 
grees may qualify for officers commissions 
as well. Waivers for minor physical de¬ 
fects often are obtainable. 

A Petty Officer rating is offered to men 
with sufficient experience in radio to in¬ 
struct classes in Radio Theory, Practical 
Operation, Code, or Maintenance. 

The Navy has schools in several parts 
of the country to instruct enlisted men in 
radio, and it is for these schools that in¬ 
structors are needed. The men that are 
selected will go through a refresher course 
at a Naval Aviation Service School 
where they will be instructed in use of 
the radio equipment used by the Navy. 

In some cases men with B. S. degrees 
in mechanical or other engineering subjects 
and who have had experience in radio and 
electrical work may qualify for officer 
assignments in radio or electrical lines. 
Usually, however, degrees in engineering 
other than electrical tend to fit the ap¬ 
plicant for other duty. 

Another special officer procurement pro¬ 
gram under way is for college teachers 
of physics, or, chemical, diesel, electrical, 
mechanical, and radio engineering at Naval 
Reserve Midshipman Schools. Private 
school and junior college teachers and 
others qualified to teach those subjects 
in colleges are also being sought. 

Either Ensign W. W. Hall, Room 300, 
or M. G. Miller, Room 1184, both in the 
Board of Trade Building, Chicago, will 
answer all requests for information. 

* * * 

CANNON CATALOG 

The Cannon Electric Development Com¬ 
pany, Los Angeles, has just issued a new 
illustrated 16 page condensed catalog sup¬ 
plement covering the most popular types 
of electrical connectors. 

The catalog deals briefly with the two 
leading types used in aircraft applications 
and details more complete information on 
connectors for radio microphones, sound 
equipment; power heavy-duty control cir¬ 
cuits, public address systems and geo¬ 
physical research; electronic low-level cir¬ 
cuits and small power applications. 

* * * 

RUNYON CBS VICE PRESIDENT 
JOINS NAVY 

Mefford R. Runyon, CBS vice president, 
had been commissioned a Lieutenant Com¬ 
mander in the United States Naval Re¬ 
serve. Commander Runyon will probably 
be assigned to work in Naval Communica¬ 
tions after taking an indoctrination course 
at the Noroton Naval Radio Training 
School. 


ROCHESTER FALL MEETING, NOV. 9 

The Rochester fall meeting will be 
held at the Sagamore Hotel, Rochester, 
New York on November 9. In addition 
to the presentation of engineering papers, 
the annual banquet will also be held on 
this date. There will be no exhibit, how¬ 
ever. (See page 49 for program.) 


EXTENSION COURSE ON METERING 

A revised extension course on metering of 
alternating current has been announced by 
the Westinghouse Electric and Manufac¬ 
turing Company. 

The book has 177 pages and 139 illus¬ 
trations. The material is presented in an 
easy to understand manner, and the usual 
educational prerequisites are not necessary. 
This revised course has been brought up 
to date with respect to latest practice. The 
information, although prepared by West¬ 
inghouse engineers, applies with equal 
facility to any other make of meter. 

A copy of extension course 10 on “Meter¬ 
ing of Alternating Current” may be se¬ 
cured from the industrial relations depart¬ 
ment, Westinghouse Electric and Manufac¬ 
turing Company, East Pittsburgh, Penn¬ 
sylvania. 

* * * 

BRITISH TELEVISION PATENTS 
TO RAULAND 

The Rauland Corporation, Chicago, has 
acquired title to the American patents of 
the Gaumont-British Picture Company of 
America, Cinema-Television, Ltd., and 
Baird Television. 

The Rauland Corporation has also taken 
over in its entirety the laboratory and 
engineering staff as well as the equipment 
of Cinema-Television, Baird Television and 
the Gaumont-British Corporation of Amer¬ 
ica. This covers all of the United States 
interests of the parent Gaumont-British 
Company, Ltd., of London, England. 

Headed by Dr. C. S. Szegho, Chief 
Research Physicist, the personnel has been 
added to the present laboratory and engi¬ 
neering staff of the Rauland Corporation. 

* * * 

HALLICRAFTERS "E" 

PROGRAM BROADCAST 

The presentation program of the Army- 
Navy “E” award to the Hallicrafters, Inc., 
of Chicago, was broadcast over the 
Columbia Broadcasting System, with W. J. 
Halligan, president, as the keynote speaker. 



FEDERAL TUBE DATA SHEETS 

Six new folders with price lists and facts 
on Federal transmitting and rectifier tubes 
have been released by the Federal Tele¬ 
graph Company, Inc., 200 Mount Pleasant 
Avenue, Newark, New Jersey. In the 
data, the characteristics of the various 
tubes are presented, in addition to circuit 
information. One of the bulletins released 
covers an interchangeability list. 

* * * 

I R C ISSUES "E" DISPLAY CARD 

In celebration of the winning of the Army- 
Navy “E” award, the International Resist¬ 
ance Company of Philadelphia have issued 
a display card that can be used for either 
counter or wall use. The display is 12 
by 17 inches and has been sent to IRC 
jobbers, 

* * * 

SOUTH BEND CATALOGS 

Three new catalogs have been issued by 
the South Bend Lathe Works, South 
Bend, Indiana. One is an 8 page catalog 
No. 13 with full information on 13” Preci¬ 
sion Lathes. Attachments, accessories and 
tools for use with the lathes are also 
listed. A portion of the catalog is devoted 
to the construction features of the quick 
change gear box, carriage, spindle bear¬ 
ings, motor drive, etc. 

These lathes have a 13J4" swing over 
the bed and saddle wings, 11/16" collet 
capacity, 1" spindle bore, and are made 
in several bed lengths that provide be- 
tween-centers capacities of 16" to 52". 

Another catalog, 100B, describes the 
entire line of lathes, toolroom lathes, and 
turret lathes. The engine lathes and tool¬ 
room lathes range in size from 9" swing to 
16" swing. The turret lathes are made in 
three sizes, having 9", 10" and 16" swings. 
This catalog contains 48 pages, size 8j4" 
x 11". 

The South Bend Turret Lathes, num¬ 
bers 1003-C and 1004-C, are described in 
still another catalog, 1004. In this, a 

four-page file size unit the new bench 
model turret lathes and their construction 
features are described. Convenient tabu¬ 
lated specifications list all the necessary in¬ 
formation concerning capacities, feeds, 
speeds, and dimensions. 

All catalogs are available gratis. 

* * * 

DORHOFFER I0TH YEAR AT POLYMET 

Murray Dorhoffer, sales manager of Poly- 
met Condenser Company, is now celebrat¬ 
ing his tenth year with that firm. 

* * * 

AIRCRAFT DEVELOPMENT 
CORP . FORMED 

The Aircraft Parts Development Corpora¬ 
tion to handle research and development 
work on parts and materials for the air¬ 
craft industry, especially in the fields of 
fastening devices, powdered metals, and 
plastics has first been formed. 

Facilities at Summit, New Jersey, in¬ 
clude a fully equipped tool room, special 
experimental machinery, a powered metal 
experimental laboratory, and a pilot 
thermo-plastics plant. 

* * * 

WESTINGHOUSE RECEIVES "E” 

Rear Admiral William Carleton Watts of 
the United States Navy recently presented 
Army-Navy “E” pennants to five Pitts- 
burgh-area plants of the Westinghouse 
Electric and Manufacturing Company “for 
(Continued on page 32) 
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They work together better... 
because they can ta]k together 


In a war of movement 
The scout car’s job 
Is to feel out the enemy 
And report its information 
Instantly to the main body. 

So Uncle Sam’s half-track scout cars 
Are equipped 

With modern radiotelephones 
That flash the word to other units. 

Teamivork like this 
Is important 

When minutes mean the difference 


Between winning a battle 
And disaster. 

Modern communications equipment 
Designed and manufactured 
By I. T. & T. associate companies 
Is helping Uncle Sam 
Coordinate his fighting forces 
On land, sea and in the air. 

The broad peacetime experience 
Of I.T. &T. 

In the field of communications 
Is proving its value in time of war. 


International Telephone and Telegraph Corporation 67 Broad Street , Nenv York , N . Y . 



i Associate Manufacturing Companies in the United States 
International Telephone & Radio Manufacturing Corporation 
Federal Telegraph Company 
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LOS ANGELES 

I N response to a telegram of con¬ 
gratulations from our president 
upon the occasion of the 69th birth¬ 
day of the “Father of Radio,” Dr. Lee 
de Forest, our honorary president, Hal 
Styles, chairman and founder of the 
Los Angeles-Hollywood chapter of our 
Association immediately arranged a 
surprise birthday party in his honor. 

Hal reports . . . “We called a special 
meeting of the Los Angeles-Hollywood 
Chapter which was turned into a sur¬ 
prise party with approximately 100 old 
timers in attendance. Entertainment was 
furnished by the veteran musical com¬ 
edy star Trixie Friganza and Larry 
Wayne, 12 year old 'world's greatest ac¬ 
cordionist.' Many stories were swapped 
and we spent some time reading the log 
kept by George Newton, a member of 
our chapter, who was the wireless oper¬ 
ator aboard the SS Robin Moor, which 
was torpedoed in the South Atlantic 
'before Pearl Harbor.' Doc de Forest 
was delighted and evidently thrilled by 
this tribute from so many oldtimers. 

“Many of our members are in Serv¬ 
ice these days holding commissions in 
the Army and Navy and some of them 
have gone back to sea in the Merchant 
Service. 

“You will note from the list of mem¬ 
bers of our board of directors that we 
have a representative group from all 
branches of the industry. James Chappie 
of the Federal Communications Com¬ 
mission; Frederic H. Stephens of the 
Civil Aeronautics Authority; L. H. 
Bowman of the Columbia Broadcasting 
System; A. H. Saxton of the National 
Broadcasting Company; C. O. Slyfield 
of the Walt Disney Studios; Lt. Cmdr. 
E. H. Hansen, U.S.N., formerly of 20th 
Century-Fox Studios; W. H. Beltz of 
RCA Manufacturing Company; J. F. 
Dunn of the Mackay Radio and Tele¬ 
graph Company; H. E. Austin of RCA 
Communications, Inc.; A. E. Jackson 
of the RCA Manufacturing Company; 
T. M. Gardner of the Radiomarine Cor¬ 
poration of America; H. Duke Han¬ 
cock of station KGFJ and P. G. B. 
Morriss of Rancho Grande. 

“It is with deep regret that we re¬ 
port the passing of one of our directors, 
a charter member of our chapter and a 
splendid fellow, Harrison Holliway, 


At the DeForest sur¬ 
prise party . . . left 

to right . . . Mort 

Smith; Dr. DeForest; 

Hal Styles, chairman 
of the Los Angeles 
chapter; Trixie Fri¬ 
ganza, veteran musi¬ 
cal comedy star, and 

Lt. Com. E. H. 

Hansen. 

Photo by Hailey Martin, 
Citizen-News 



who was vice-president and general 
manager of KFI-KECA.” 

Sincere thanks, Hal, for a fine job on 
the birthday party and your splendid 
report.—M. C. 

CHICAGO 

UR sincere and heartfelt con¬ 
gratulations to Bill Halligan, for 
several years chairman of our 
Chicago chapter, upon the granting to 
his organization of the Army and Navy 
“E” Pennant for outstanding contribu¬ 
tions to the “War of Production.” Bill 
does a swell job in anything he tackles. 
He is a life member of our Association 
and a grand VWOA booster. 

AWARDS 

HERE have been many cases in 
the recent past of outstanding de¬ 
votion to duty on the part of radio 
officers in the Merchant Marine. One 
of the major functions of our Associa¬ 
tion is to accord suitable recognition to 
the heroes of these occasions. We urge 
all who have access to the records to 
submit a comprehensive report on cases 
of heroism on the part of radio officers 
on land, at sea, and in the air. We as¬ 
sure you the reports will receive 
thoughtful consideration. We are par¬ 
ticularly anxious to have our Chapters 
nominate candidates for awards. 

SCHOLARSHIPS 

TTJE have recently received several 
Vl/ requests for information con¬ 
cerning the availability of Mar¬ 
coni Memorial Scholarships. We re¬ 
cently awarded two scholarships, one 
at RCA Institutes and the other at the 
Midland Television and Radio School 


and these are all that will be available 
until next year. 

The Scholarships are awarded to the 
top ranking contenders in a contest con¬ 
ducted among the seniors in high 
schools throughout the country under 
the auspices of the American Institute 
of the City of New York and Science 
Service. 

REMINISCING . . . WITH BILL 
FITZPATRICK, CHARTER MEMBER 

HIS war hasn't reached Old Bill 
Fitzpatrick — our never-failing 
supply source for cribbing ma¬ 
terial for this page—but he has plenty 
of memories of the last one. He re¬ 
calls especially the glitter of the sun on 
a German submarine which rose to the 
surface within a stone’s throw of Bill's 
ship and the exciting zig-zag chase that 
followed. (If you read more of Bill's 
stuff in the next issue you'll know that 
he, and the ship, escaped). And the 
night when he saved the ship from 
heading directly toward another sub¬ 
marine by signalling to it with a pocket 
flashlight. That was just after the 
blowing up of the Diamond Shoals 
Lightship. And the lead code books, 
to be thrown into the sea in case of 
capture of the vessel. 

Bill made a trip to London during the 
thick of the war, and recalls standing 
at Longitude ZERO at Greenwich, with 
one foot on the East side of the world 
and the other on the West. While on 
this trip, incidentally, Bill received an 
English “wireless” license, one of only 
three ever issued to other than British 
subjects. 

Why do you oldtimers permit Bill 
Fitzpatrick to do all the reminiscing? 

(Continued on page 32) 
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^“In your opinion, is any particular line of 
resistors superior to the others?” 

This question was put by an independent research 
organization to a country-wide list of Engineers and 
Executives in the electronics field. No brand of resis¬ 
tors whatever was mentioned in the questionnaire. 
Result: IRC was voted ce superior 55 by more than 
ttvice as many as named any other single brand. 

INTERNATIONAL RESISTANCE COMPANY 

415 N. BROAD STREET • PHILADELPHIA 
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In Canada: AEROYOX CANADA LTD., Hamilton. Ont. 


EXPORT: 100 Varich St., N. Y., Cable ‘flRLAB’ 


• Aerovox mica transmitting capacitors 
are backed by exceptionally complete 
data on maximum current-carrying 
ratings at five different frequencies, in 
addition to capacity and test-voltage 
ratings. Such data is the accumulation 
of years of research and experience and 
exhaustive tests. Thus the unit best 
suited for given current at given 
voltage and frequency is selected 
quickly and precisely. 

Good capacitors, plus good application 
data, account for the tremendous popu¬ 
larity which Aerovox transmitting ca¬ 
pacitors enjoy today. 

• DATA . .. 

Be sure you have the Aerovox Transmitting 
Capacitor Catalog in your working library, if you 
are engaged in professional radio or electronic 
work. Write us on your business stationery. 


kud! bu. 

the most complete " 
CONTINUOUS SERVICE 


RATING DATA 


NEWS BRIEFS 

(Contimied from page 28) 

high achievement in the production of war 
equipment.'* Selected to receive the awards 
were the Transformer Division at Sharon, 
Pa ? and the East Pittsburgh Division, 
which includes the porcelain plant at 
Derry, Pa., Nuttall Gearing Works in 
Pittsburgh's Lawrenceville section, and 
plants at East Pittsburgh and Trafford, 
Pa. 

* * * 

B-L SELENIUM RECTIFIER BULLETIN 

A new bulletin R-40, on selenium rectifiers 
has been prepared by the Benwood Linze 
Co., 1815 Locust St., St. Louis, Mo. 

Covered in the bulletin is general in¬ 
formation on selenium rectifiers, including 
their assembly, plate sizes, efficiency, input 
voltage, stability, cooling, regulation, etc. 

Illustrations including graphs covered by 
the text matter, are included in the bul¬ 
letin. 

A copy may be obtained by addressing 
the company. 

* * * 

NEW RCA LABORATORIES DEDICATED 

The new RCA Laboratories with 150 
laboratory bays, at Princeton, New Jersey, 
were recently dedicated. 

Lieut Gen. James G. Harbord, chairman 
(Continued on page 33) 


VWOA NEWS 

(Continued from page 30) 

Gilson Wdiets, charter member and 
chairman of our San Francisco Chapter 
emulated Bill last month. Let's hear 
from some of you other oldtimers with 
stories of the past—or the present, for 
that matter, if there is anything hap¬ 
pening these days that is not a military 
secret. 

How many of you know that the idea 
of a “radio oldtimers association” was 
first thought up by Pete Podell and Jim 
Maresca, who brought the plan to Bill 
Fitzpatrick (of whom you have already 
heard) early in 1925. The three 
“founders” joined with Gilson Willets 
and Sam Schneider in the control room 
of broadcasting station WRNY (re¬ 
member) to draw up plans for what 
was first known as “Old Time Radio 
Operators.” The first meeting was held 
at the Roosevelt Hotel, New York City, 
on October 15, 1925. At the next meet¬ 
ing, a month later, the name of our or¬ 
ganization was changed to its present 
one. William S. Gill, elected president 
at that meeting, was thus VWOA’s first 
leader. A year later, Jimmie Maher 
originated the idea of an annual 
“Cruise” for the year-by-year reunion 
of oldtimers of wireless, which leads 
us to begin thinking of the Eighteenth 
of the series, to arrive four months 
hence. Keep the evenings around 
February 11th, 1943, free from other 
engagements, brothers (and their sis¬ 
ters) and let's have an attendance which 
will top all others. 



OVER 800 PACES 


THE ONLY OFFICIAL 
RADIO PARTS AND 
EQUIPMENT MANUAL 

It took six years and thousands of dollars to 
develop this “MASTER CATALOG'’ of the 
radio industry to its present size—yet it costs 
you only $3.50. 

Compiled in co-operation with and approved 
by the Radio Manufacturers Group as the in¬ 
dustry’s official source book. 


GIVES THIS IMPORTANT DATA 


Contained within the hard covers of this 800 
page MASTER BOOK are the listings of the 
products of 90% of all Radio Parts and Equip¬ 
ment Manufacturers in the industry. In it you 
will find many thousands of items, such as elec¬ 
tronic devices, transmitting and receiving sets, 
tubes, antennas, transformers, condensers, re¬ 
placement parts, meters, laboratory test equip¬ 
ment, relays, plugs, coils, wire, and numerous 
other radio components. Thousands of clear 
illustrations with descriptions and specifications. 
—Yes, this is your “MUST HAVE BOOK”. 


• • WHO USES IT? • • 


As the official source book of the radio industry 
it is constantly used by many American and 
Foreign governmental agencies, also industrial 
organizations, engineers, purchasing agents, lab¬ 
oratories, radio amateurs and service men, radio 
distributors, broadcast stations, schools, colleges, 
libraries, and by many others interested in 
Radio and allied fields. 

SAVES TIME-SAVES MONEY 

WHERE, WHAT AND HOW MUCH: Such 
information is instantly at your fingertips. This 
Valuable RADIO MASTER eliminates the main¬ 
tenance of bulky files. It is completely indexed 
for speedy reference. 

If you buy, sell or specify you will find the 
RADIO MASTER an indispensable and handy 
book to have around at all times. 


MONEY BACK GUARANTEE! 


Order your copy today—look it over. You will 
find it to be an excellent investment; if not, 
return it to us in five days for full refund. 

The price is only $3.50 shipped anywhere in 
U. S.A.—$4.00 elsewhere. We prepay transpor¬ 
tation charges if remittance accompanies order. 


UNITED CATALOG PUBLISHERS, Inc. 

I06A Lafayette St. New York, N. Y. 
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of the board of Radio Corporation of 
America, presided and introduced the 
speakers: Major General Dawson Olm- 
stead, Chief Signal Officer of the Army, 
Col. David SarnofF, U. S. Army Signal 
Corps, and Otto S. Schairer, vice president 
in charge of RCA Laboratories. 

These new laboratories have facilities 
the development of electronics, sound- 
acoustics, chemistry, physics, mechanics, 
and optics, from which grow many by¬ 
products and branches . . . cathode ray 
tubes, fluorescent materials, lenses and 
photography. 

* * * 

BAKELITE PLASTIC BOOKLET 

A 24 page booklet, entitled “Bakelite Lam¬ 
inating Plastics” has been published by 
Bakelite Corporation, New York City. It 
tells what laminated plastics are and de¬ 
scribes their various types, including 
molded-laminated stock, engraving sheet 
stock, fluorescent and phosphorescent sheet 
stock, and densified-laminated wood. 

The booklet is profusely illustrated with 
photographs showing the manufacture of 
laminated materials and their essential uses 
in the electrical, automotive, aircraft, and 
chemical industries. 

* * * 

WALKER NAMED AUREX S-M 

L. T. Walker has been named sales man¬ 
ager of the Aurex Corp., Chicago, makers 
of hearing aid instruments. 

* * * 

NEW I T &T PLANT 

The International Telephone and Tele¬ 
graph Corporation will construct the first 
unit of a new factory to be located in New 
Jersey, which will evenually become the 
home of I T & T’s research and manu¬ 
facturing operations in the United States. 

* * * 

SYLVANIA COLOR CODE CHART 

A Color Code, RMA Standard, Resistor 
Chart has been prepared by Sylvania Elec¬ 
tric Products, Inc. On the back side of 
the chart is Ohm’s Law and the mathe¬ 
matical formulas for Ohm’s Law. 

Copies are free for the asking. 

* * * 

DETECTOR SPEEDS TUBE PRODUCTION 

Increased production of high-power radio 
tubes being built at the Westinghouse 

Lamp Division for the armed forces, has 

been made possible by the development of 
a mechanical detector that automatically 
sorts filaments by spectroscopic analysis. 

Known as a thorium detector, the device 
was invented by Dr. N. C. Beese, labora¬ 
tory staff physicist. It is credited with 
cutting hours and guesswork from the 
necessary testing of wires before they are 
used in radio tubes. 

Introduction of a small percentage of 
thorium into a tungsten wire increases its 
ability to emit electrons and gives in¬ 
creased efficiency to certain types of tubes. 
The thorium detector, with the aid of a 
spectroscope, the optical instrument used 
in observing visible images of the color 
spectrum, detects the presence of any ap¬ 
preciable amount of thorium in tungsten 
wire. 

Until recently, thoriated tungsten fila¬ 
ment wire could only be detected by 
chemical or mechanical analysis. In the 
former process, wire was dipped in several 
acid solutions and the residue examined for 
thorium content. The other method con¬ 
sisted of heating the wire and if it snapped 
(Continued on page 34) 


WHERE SPACE IS 

USE 

TYPE ”0” CANNON 


IMPORTANT 

CONNECTORS 


Cannon Type "O” Connectors are compact fittings, 
having been designed originally for microphone cir- 

* x -A 

cuits where their oval shape has the distinct advan¬ 
tages of saving space and making the complete unit 



CANNON 

ELECTRIC 


easy to handle. A variety of fittings, including cord 
connectors, panel mountings and wall units, are 
eluded in the Type "O” Series. Three-pole inserts 
only are available in this series. 

CANNON SERVES MANY INDUSTRIES 

Cannon precision-built electrical connectors are made 
in numerous types with many variations in each type. 
The variety runs into the thousands and includes the 
right fitting for nearly every application the elec¬ 
tronics engineer may need, whether the equipment is 
to be used on land, 
at sea or in the air. 


Below is the Type"0" Cord Pi 
with socket insert. Note thu 
latch, a feature of this seri 


At left is the Type "O" 
Wall Unit with flush 
door and plate which 
fits single gang outlet box. Ideal 
for radio station application.Con¬ 
nected fitting is cord plug with 
pin insert. Note latch on wall unit. 


CANNON ELECTRIC DEVELOPMENT COMPANY 
LOS ANGELES, CALIFORNIA 

Canadian factory and engineering office: Cannon Electric Company, Limited, Toronto, Canada 
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★ A decade ago the cathode-ray oscil¬ 
lograph was a scientific curiosity. A 
few such costly instruments were in 
use, in leading laboratories, entrusted 
to skilled technicians. 

Then came the first DuMont cathode- 
ray oscillograph. Simplicity, practica¬ 
bility, economy — those were the 
cardinal features. And those very 
features soon attracted universal at¬ 
tention. Thus the DuMont cathode-ray 
oscillograph became indispensable 
equipment not only in laboratories but 
also in factories and out in the field. 

Today the DuMont name is synony¬ 
mous with cathode-ray oscillography. 
That name is your assurance of the 
latest refinements in this firmly- 
established technique. 


★ Write for literature . . . 



NEWS BRIEFS 

(Continued from page 33) 

very easily, it was considered to have 
thorium in it. 

The new thorium detection process elimi¬ 
nates any possibility of guess work and 
speeds up the testing of wire. The method 
consists of introducing a sample of pure 
tungsten or thoriated tungsten wire into an 
electric carbon arc. As it burns com¬ 
pletely, visible results are observed by 
means of the spectroscope. Two lines ap¬ 
pear in the spectrum if the wire is pure 
tungsten; four appear if it contains any 
thorium. 

A portion of every roll of tungsten wire 
now passes the watched “eye” of the 
sensitive instrument before being cut and 
made into small filaments. The sorting 
process separates the thoriated tungsten 

wire from pure tungsten wire. 

* * * 

WARD LEONARD WINS "E" 

The Ward Leonard Electric Co., Mt. 
Vernon, New York, was recently awarded 
the Army-Navy “E” pennant for high 

achievement in the production of war 
equipment. 

* * * 

SOLAR ELECTROLYTIC 
CAPACITOR CATALOG 

A new 32 page catalog devoted exclu¬ 
sively to the description of d-c type elec¬ 
trolytic capacitors has just been issued by 
the Solar Manufacturing Corp., Bayonne, 
N. J. The catalog, known as number 12, 
section A, contains electrical and mechani¬ 
cal data particularly prepared for the 

designing engineer. 

Copies of the catalog are available to all 
who make a letterhead request. 

* * * 

PLASTIC FOLDER 

A folder with data on plastic parts for war 
production has been prepared by Creative 
Plastics Corp., 963 Kent Avenue, Brook¬ 
lyn, New York. Copies are available free. 

* * * 

NEW PANEL INSTRUMENTS CATALOG 

A 12 page catalog describing all their 3" 
and 4" panel instruments, has just been 
issued by Roller-Smith, Bethlehem, Penn, 

In addition to a complete listing and 
prices, the various types of cases are 
illustrated, dimensions and listings of a 
complete line of shunts are given and RT 
current transformers for ratios up to 500/5 
are illustrated and described. Dimensions 
and mounting details on all standard panel 
instruments are shown. 

Copies of the catalog, 4120, can be se¬ 
cured without charge. 

* * * 

TUBE BASE CONNECTIONS DATA 

The element connection and base layout of 
over 600 different types of radio tubes are 
shown in a new bulletin released by the 
Weston Electrical Instrument Corporation, 
Newark, N. J. 

Originally designed for use with the 
Weston method of selective analysis, 
but now used with all methods of servicing, 
this folder permits rapid socket selection 
for practically any tube now in commercial 
use. 

Tube base connections are illustrated_ by 
diagrammatic sketches of the bottom view 
of socket or base of tubes; constituting 
valuable reference material on tube circuits 
for service organizations and dealers. A 
tube base chart is also included which in¬ 
dicates the proper base to use for any of 


the various tubes listed. A copy is free 
for the asking. 

* * * 

RAYMOND ROSEN AIDS SIGNAL CORPS 

Raymond Rosen of Raymond Rosen and 
Company, Philadelphia, Penn., has been 
appointed civilian recruiting aide for the • 
Army Signal Corps. 

All men in Pennsylvania, southern New 
Jersey and Delaware interested in enlisting 
for the Army Signal Corps are advised to 
immediately contact Lt. S. D. Distelhorst, 
Room 623, Customs House, 2nd and 
Chestnut Sts., Philadelphia, Penna. 

* * * 

TENNY HIGH ALTITUDE 
CHAMBER CATALOG 

An illustrated, twelve page, two color 
booklet, showing and describing high alti¬ 
tude chambers with temperature ranges 
from —70° to 140° F. has been released 
by Tenny Engineering, Inc., 8 Elm Street, 
Montclair, N. J. 

Also illustrated and described are the 
weathering cabinets, constant temperature 
bath tables, and temperature and humidity 
cabinets. A listing of installations of 
Tenny equipment giving the purposes for 
which it is used and the specifications for 
individual installations is also included. 
This information booklet will be sent on 
request to any engineer or laboratory 
technician. 

* * * 

TUBE LIFE BOOKLET 

A pocket size booklet “Thirteen Ways to 
Prolong Tube Life” with several helpful 
hints on getting the longest service from 
electronic tubes has been prepared by 
Heintz and Kaufman, Ltd., 1011 Tanforan 
Avenue, South San Francisco, Calif. 

It considers plate dissipation, proper 
tuning of circuits, reduction of “no-signal” 
plate current in class B audio amplifiers, 
minimizing stray circuit losses in class C 
stages, adjusting grid drive, maintaining 
rated filament voltages, preventing para¬ 
sitic oscillations and other subjects. Copies 
are available free. 

* * * 

G. E. DEDICATES 700 KW TRANSMITTER 

Robert E. Sherwood, (right in photo 
below), director of the overseas branch of 
the Office of War Information, threw the 
switch setting into operation the new 100 
kilowatt transmitter of General Electric’s 
short wave station WGEO in Schenectady. 

(Continued on page* 35) 
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Assisting was W. J. Purcell, engineer 
G.E. broadcasting. 

* * * 

HENRY A. HUTCHINS 

Ever since Pearl Harbor, Henry Hutch¬ 
ins, general sales manager of National 
Union has felt the urge to return to the 
Naval Service to do his bit. 

Henry up and did it, and is now Lieu¬ 
tenant Commander Hutchins, U. S. Naval 
Reserve on active duty. 

* * * 

OHMITE EXPANDS 

Another expansion in factory space and 
production facilities has been made by the 
Ohmite Manufacturing Company, 4835 
Flournoy Street, Chicago, Ill. 

* * * 

STEWART-WARNER WINS "F* 

The Stewart-Warner Corporation, Chi¬ 
cago, Ill. received the “E” flag for out¬ 

standing war-time performance, recently. 

The ceremony was held at Soldier Field, 
Chicago, prior to the Army War Show. 

Brig. Gen. Donald Armstrong, until re¬ 
cently in command of the Chicago ord¬ 
nance district, presented the award to the 
company, and Commander W. W. Weber, 
representing the navy, delivered individual 
insignia for employes. Frank A. Ross, 
senior vice president and Frank A. Hiter, 
vice president and general sales manager 
were among those who represented the 
corporation in the ceremony. 

* * * 



PRESTO NOISE RECORDINGS 
TRAIN WAR WORKERS QUICKLY 


EITEL-McCULLOUGH WINS "E" 

The coveted Army-Navy “E” flag has 
been won by Eitel-McCullough, Inc., 
transmitting tube manufacturers. The 
award was made at their San Bruno, Cali¬ 
fornia plant, on the same day that the 
factory was also celebrating their eighth 
anniversary. 

The presentation of the pennant was 
made by Colonel Ira H. Treest to both 
W. W. Eitel, president, and J. A. McCul¬ 
lough, vice-president. 

Congratulatory letters from such rank¬ 
ing Government officials as Cordell Hull, 
Major General Roger B. Colton, of the 
Signal Corps, and Commander J. B. Dow, 
head of the Radio and Sound Branch of 
Ships at Washington, D. C., were received. 

The presentation activities were de¬ 
scribed in both a special “E” program 
and a special edition of ‘‘Eye Mac” news, 
the plant paper. In this issue, incidentally, 
appeared an interesting biographical sketch 
of Mr. Eitel and Mr. McCullough, and the 
events that led to the development of the 
famous HK354 tube. Other behind the 
scene activities are also described. 



Official U. S. Signal Corps Photo 

(Left to right) Jack McCullough, Eimac 
employee, and Bill Eitel. 


Noises tell an important 
story to factory workers 
who test and adjust air¬ 
plane engines, tanks, 
trucks and the countless 
other machines that make 
up our war equipment. 

Seasoned workers 
know the mixture of 
sounds that means "all's 
well”; the tiny variations 
in sound that mean faulty 
adjustments or assembly. 

What these men have 
discovered through years 
of experience is now 
taught new workers with¬ 


in a few weeks. They learn 
to locate trouble by lis¬ 
tening to Presto records 
of the noises made by 
machines in the course 
of adjustment. 

It takes a high grade 
recorder to reproduce 
these noises naturally. 
The Presto Recorder is 
doing it daily in war 
plants, helping to speed 
employee training. 

On request, a demon¬ 
stration of the Presto 
Recorder at your plant. 


PRESTO 

RECORDING CORP. 
242 WEST 55th ST.N.Y. 


In Other Citiot, Phone ... ATLANTA, Jock. 4373 - BOSTON, Bel. 4510 ! 
CHICAGO, Hor. 4240 - CLEVELAND, Me. 1565 • DALLAS, 370*3 - DENVER, 
Ch. 4277 • DETROIT, Unlv. 1-0180 • HOLLYWOOD, Htt. 9133 * KANSAS 
CITY, VIc, 4631 * MINNEAPOLIS, Atlantic 4216 • MONTREAL, W*L 4218 
PHILADELPHIA, Penny. 0542 . ROCHESTER, Cul. 5548 • SAN FRANCIS¬ 
CO, Su. 8B54 • SEATTLE, Sen. 2560 ’ - WASHINGTON, D.C, She P . 4003 


World'* Largest Manufacturers of Instantaneous Sound Recording Equipment and Discs 
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BLILEY ELECTRIC COMPANY 

UNION STATION BUILDING ERIE, PA. 



effected by new Alloy 
and Littelfuse Design, in 


LITTELFUSE 

Beryllium Copper 


FUSE CLIPS 


Higher standards of service are being set 
by this new clip in: (1) Tensile Strength; 
(2) Fatigue Resistance; (3) Modulus of 
Elasticity; (4) Heat Resistance; (5) Spring 
Qualities equal to steel; (6) Triple the Grip 
of best phosphor bronze. Send for 

Special B. Cu. Bulletin 

giving specifications, data and characteristics 
of this remarkable clip. Ask also for 

Complete Littelfuse Catalog 

of Fuses for every instrument purpose, 
panels, mountings, etc. Write. 


LITTELFUSE INC. 

4751 Ravenswood Avenue, Chicago, III. 



Look iof the Polymet 
trademark for fThe condensers. 
Polymet has been making sup¬ 
erb condensers for the past 
21 years. 


POLYMET 

POLYMET CONDENSER CO. 
699 East 135th Streaf 
New York. N. Y. 


BOOK TALK ... 


The following books have been submitted 
to the Editors for review in a future 
issue of COMMUNICATIONS. 


ULTRA HIGH-FREQUENCY 

By J, E. Bra/nerd (Editor), Professor in 
Moore School of Electrical Engineering, 
University of Penn.; Glenn Koehler, 
Assistant Professor of Electrical Engi¬ 
neering, University of Wisconsin; Herbert 
J. Reich, Professor of Electrical Engi¬ 
neering, University of Illinois, and L. E. 
Woodruff, Assistant Professor of Elec¬ 
trical Engineering, Massachusetts Insti¬ 
tute of Technology . . . New York: D. 
VanNostrand Co., Inc. 

• e • 

MATHEMATICS FOR 

RADIOTRICIANS 

National Radio Institute, Washington, D.C. 

• • • 

MICROWAVE TRANSMISSION 

By J. C. Slater, Professor of Physics, 
Massachusetts Institute of Technology . *. 
New York: McGraw-Hill Book Co. 

• • • 

A-C CALCULATION CHARTS 

By R. Lorenzen . . . New York: John F. 
Rider Publisher, Inc. 

• • • 

NEW COMMERCIAL AND 

TECHNICAL DICTIONARY 

Compiled by Antonio Peraie Guerro . • . 
Brooklyn, New York: Chemical Publishing 
Company. 


• • • 

ELECTRICAL FUNDAMENTALS 
OF COMMUNICATION 

By Arthur L. Albert, Professor of Com¬ 
munication Engineering, Oregon State 
College . . . New York: McGraw-Hill 
Book Company. 


• • • 

ELECTROMECHANICAL TRANS¬ 
DUCERS AND WAVE FILTERS 

By Warren P. Mason, Ph.D., Member of 
the Technical Staff of Bell Telephone 
Laboratories, Inc. . . . New York: D. 
Van Nostrand Company, Inc. 

• • • 


HANDBOOK OF TECHNICAL 
INSTRUCTION FOR WIRE¬ 
LESS TELEGRAPHISTS . . . 
SEVENTH EDITION 

By H. M. Dowsett, M.I.E.E., F. Inst. P., 
and L E. Q. Walker, A.R.C.S. . . . Lon¬ 
don, England: lliffe ond Sons, Ltd. 
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QUARTZ CRYSTALS 

(Continued from page 25) 

resonance it is at a maximum and is 
again a pure resistance. These two 
points are only a few hundred cycles 
apart, but in this short interval the im¬ 
pedance increases from a hundred ohms 
or so at series resonance to perhaps a 
megohm or more at anti-resonance. 
This is due to the extremely high “Q” 
of the crystal, and it accounts for the 
very steep frequency impedance charac¬ 
teristic obtained. Moreover, in this in¬ 
terval the characteristic changes from 
capacitative to inductive. Over a narrow 
region then our “sandwich’' has become 
an inductance. The crystal can be quite 
accurately illustrated by the equivalent 
circuit shown in Figure 6. In this cir¬ 
cuit, Co and R 0 represent the usual elec¬ 
trostatic capacitance and loss resistance 
of the crystal unit as measured by any 
convenient method while L m , C m and 
R m are the electrical counterparts of the 
mechanical inductance, capacitance and 
resistance as brought into play by the 
electro-mechanical forces developed. 
Figures 7, 8, and 9 show typical crystal 
frequency characteristics. 

Circuits of this general type, having 
two degrees of freedom, are of course 
common in radio. Very uncommon, how¬ 
ever, are the relative values of the ac¬ 
tive and reactive components in the 
series branch, and the small size of the 
element in which they appear. L m may 
be in the order of henries, C m a fraction 
of a micromicrofarad, and R m only a 
few ohms. An inspection of these values 
shows at once that the ratio of react¬ 
ance to resistance is enormous. The “Q” 
may be in the order of 100,000 or so 
as compared with a few hundred for a 
man-made coil and capacitor assembly 
of much greater dimensions. It is this 
property which enables the crystal to 
control the frequency of the oscillator 
to within narrow limits. 

Although a crystal possesses the abil¬ 
ity to resonate at several frequencies, 
there are in general only three princi¬ 
pal modes of legitimate vibration. These 
are: (a) The “contour mode” (trans¬ 
verse) determined mainly by the length 
or width of the plate, (b) The “thick¬ 
ness mode” (simplex) whose frequency 
is determined mainly by the thickness of 
the plate, (c) The “multiplex modes” 
(triplex, pentex, etc.) which are odd 
mechanical harmonic vibrations. 

The “contour mode” is used mainly 
for frequencies below 300 kc; the 
“thickness mode” for 300 kc to 10 me, 
and the “multiplex” for frequencies 
above 10 me. 

Quartz Fabrication 

The processes involved in the manu- 
(Continued on page 40) 



THE VIKING FAMILY 
FIGHTS FOR FREEDOM 


Famed Viking products are on the war fronts of the 
world! We of the E. F. JOHNSON COMPANY take 
great pride in the knowledge that everywhere 
dependable JOHNSON components are a part of 
the mailed might that surges at the enemies throat. 
Day and night, through fair weather and storm the 
Viking Head trade mark is with our fighting men 
. . , with begoggled fighter and bomber pilots in 
lead filled skies . . . with the field artillery ... the 
infantry ... in the tanks and armored cars ... on 
the battleships, carriers, cruisers, destroyers, and 
other vessels of our navy. JOHNSON products play a 
vital part in the protection of our civilian lives as well. 

We could ask no greater reward for our efforts than 
the immense trust that is daily being placed in our 
products. The reliability of the equipment of war 
placed in the hands of our fighting men will be 
measured in life and death itself. Never will we be 
more proud of the fact that in the design and manu¬ 
facture of our parts the utmost in scientific skill and 
dependability has ALWAYS been the primary con¬ 
sideration. 
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THE INDUSTRY OFFERS - 


BALL MEASURING ANVIL 

The George Scherr Company, Inc., 128 
Lafayette St., N. Y. C., has just devel¬ 
oped a ball measuring anvil for use on the 
Scherr comparitol for the inspection and 
measuring of extremely thin pieces, such 
as crystals, laminations, shims, extremely 
small gages and other hat work. 

With the ball anvil, the material is 
placed between a flat feeler point and the 
round ball surface. All danger of distort¬ 
ing or bending the shim or lamination out 
of size a few ten-thousandths due to mean¬ 
ing pressure of the instrument are said 
to be eliminated. 

The instrument may also be used to 
check the flatness or parallelism of long 
thin pieces in all positions and on all parts 
of the work. 

* * * 

PETER JENSEN CREATES NEW NEEDLE 

A new type of phonograph needle has been 
developed by Peter L. Jensen, Jensen In¬ 
dustries, Inc., 737 N. Michigan Ave., 
Chicago, Ill. 

The compliance of the needle is said to 
give it a shock absorbing characteristic 
which permits it to glide along smoothly 
in the groove and also reduces materially 
the needle scratch. 

By making the needle known as the 
Jensen Concert needle, rigid in a cross¬ 
wise plane, all the frequencies in the record 
are said to be transmitted without loss to 
the mechanism in the pick-up, but the flat¬ 
tened cross section causes less air to be 
agitated direct, and the result is a notice¬ 
able reducion in “needle talk.” With this 
new type needle it is said that it is no 
longer necessary to close the top on the 
phonograph in order to eliminate the ob¬ 
jectionable scratch, hiss and talk which 
emanates directly from the needle. 

The needle point itself is made from an 
alloy of precious metals. 

Jensen Industries are at present also 
producing pivots and bearings tipped with 
the same wear-resisting alloy used in the 
needles. These special products are used 
in high quality measuring instruments used 
by our Army and Navy. 



PRESSED STEEL RHEOSTATS 

Pressed steel rheostats with solid rectan¬ 
gular contacts are now being made by 
Ward Leonard Electric Co., Mt. Vernon, 
N. Y. 

Rectangular contacts are available in 
small and large sizes. Small rectangular 
contacts can be furnished on thirteen inch 
or smaller rheostats. Large rectangular 
contacts can be furnished on eight inch or 
larger rheostats. 

Rheostats with rectangular contacts can 
be furnished with complete enclosures, fil¬ 
ings for conduit connections, motor drives 
and with accessories for floor, back-of- 
board, and concentric mounting. Fixed 
and adjustable stops to protect control 
equipment can be provided. 

These and other rheostats are listed in 
a new sixteen page Bulletin 60, available 
on request. 


* * * 

IDEAL ELECTRIC ETCHER 

A new model etcher to cover an extremely 
wide range of etching heats has been mar¬ 
keted by the Ideal Commutator Dresser 
Co., Sycamore, Ill. 

This unit called the number 18 “machine 
shop” metal etcher has 14 heats from 115 
to 1,300 watts. 

* * * 

INDOOR OIL CIRCUIT BREAKERS 

New 15,000 volt oil circuit breakers for 
indoor service, classes 150-TCR-3 and 250 
TCR-3, are described and illustrated in'a 
new 12-page publication, Catalog 3350, just 
released by the Roller-Smith Company, 
Bethlehem, Pennsylvania. These breakers 
are of the oil tight single round tank type, 
single throw, and are available in 2 and 3 
pole designs. 

* * * 

SHALLCROSS BRIDGE BULLETIN 

A new bulletin, D-l, with data on the 630 
Wheatstone bridge, 621-A per cent limit 
bridge and the 638-1 Kelvin Wheatstone 
bridge, has been released by the Shallcross 
Manufacturing Co., Collingdale, Penn. 





■ ■ ■ m a ■ ■ 


AIRCRAFT TYPE RIVETS 

Rivets for use in pressurized cabin con¬ 
struction that will withstand considerable 
pressure have been developed by Cherry 
Blind Rivet Co., Los Angeles, Calif. 

Although designed primarily as a pro¬ 
duction speed-up for the difficult riveting 
jobs, tests show that Cherry Rivets hold 
as high a pressure as a conventional rivet, 
due to the uniformity of head formation 
and shank expansion and the clinching ac¬ 
tion secured through the Cherry riveting 
process. Standard drilling and dimpling 
tools are used to apply them. The only 
special tool required is the gun which is 
used to pull the stem or mandril with 
sufficient force to head the rivet on the 
blind side and break the stem. As the 
mandril is pulled through the rivet a tulip 
head is formed on the blind side and the 
pieces being riveted are securely clinched 
together. 



* * * 


A D-C POWER SUPPLY 

To provide continuous direct current for 
the operation of d-c or battery-operated 
equipment, Standard Transformer Corp., 
’1500 N. Halsted Street, Chicago, Ill., have 
developed a new type power supply. 

This unit employs gaseous type builb 
rectifiers, has a two-section filter and a 
special “built-in” automatic voltage regu- 
Tating device. It delivers 110 .volts d-c at 
.currents up to 15 amperes. The input cir¬ 
cuit is designed to permit use on a-c lines 
of various voltages. Its height is 48 inches, 
width is 19^2 inches, and depth is 12 
inches. 

Units of this type are available in a 
(Continued on page 40) 
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THE INDUSTRY OFFERS ... - 

(Continued from page 38) 

variety of physical mounting styles and 
can be made for operation on various line 
potentials and frequencies. 

* * * 

NEW DISC CONTAINER 

A new type of recording disc shipping con¬ 
tainer has been produced by the Gould- 
Moody Co., 395 Broadway, N. Y. City. 

It is known as PacKARTON and is 
made of a perfected, light-weight corru¬ 
gated container that safeguards the ship¬ 
ment of delicate glass base records via air, 
railway or truck. Successful two-way 
shipping tests have proved the value of 
suspension-cushioning principles utilized in 
this construction. 

The new package is dustproof, needs no 
excelsior or paper wadding to prevent con¬ 
tents from sliding. 



* * * 


ARH PHONO-SWITCH 

The American Radio Hardware Company. 
476 Broadway, N. Y. City, has developed a 
new double circuit microphone switch de¬ 
signed for use by an operator, particularly 
aircraft operators, wearing heavy mittens. 
It is so constructed as to permit easy on 
and off switching; remains in open posi¬ 
tion normally and can be looked into closed 
position. 

Known as the SW-141 Switch, it is 
4 15/32" overall in length by 24" thick by 
124" wide. High impact strength Tenite II 
is used in its construction. The switch is 
mounted on sturdy brass brackets, with 
blades made of a phosphor bronze mate¬ 
rial. It is heavily nickel plated, with bake- 
lite insulation. Cordage clamps for taking- 
up cable strain are provided as an integral 
part of the housing. 



* * * 

SOUND APPARATUS CELEBRATES 
TOTH 1TE4R 

The Sound Apparatus Company, New 
York, N. Y., celebrated its 10th anniver¬ 
sary on October 1st. Arthur W. Niemann 
is founder and sole owner of the company. 
He is known throughout the country for 


his developments on direct disc recording 
equipment and has a number of advance¬ 
ments in the technique of recording and 
reproducing to his credit. 

Realizing the importance of automatic 
graphic recording of sound and electrical 
intensities, Niemann devoted his entire re¬ 
search along these lines. He contributed 
substantially to the development of auto¬ 
matic high speed power level recorders and 
to automatic frequency response recording 
equipment. 

Another Niemann development of inter¬ 
est to electrical engineers, an automatic 
graphic high speed vacuum tube voltmeter, 
will shortly be announced. 

• • • 

QUARTZ CRYSTALS 

(Continued- from page 37) 

facture of crystal oscillators by various 
makers may differ in detail, but are 
much the same basically. The problem 
consists of selecting pieces of raw 
quartz and converting them into small 
and accurately dimensioned plates, 
which when mounted in their associated 
holders can be made to oscillate and 
meet certain requirements for fre¬ 
quency, activity, temperature coefficient, 
and longevity. The steps involved may 
be broadly stated as follows; (1) In¬ 
spection of raw quartz for flaws by arc 
light and polariscope, and after cutting 
by hydrofluoric acid etching. (2) Loca¬ 
tion of the optical and electrical axes 
by facial form, optical means or x-ray. 
(3) The cutting out of the small rough 
blanks from the mother quartz, gener¬ 
ally with diamond charged saws, at ap¬ 
proximately the angles necessary to 
produce crystals of low temperature- 
frequency coefficient. (4) The precise 
measurement of the angles of cut by 
x-ray or other method and the applica¬ 
tion of correction as needed. (5) The 
precision machine lapping of these 
blanks to nearly the finished thickness. 
(6) The individual "finishing" of each 
blank to exact frequency by hand lap¬ 
ping or equal. (7) The mounting of the 
finished plates in their holders. (8) 
Final testing. 

Stated glibly in this manner, the pro¬ 
cedure sounds simple. This is not ex¬ 
actly the case. However, once the cor¬ 
rect methods have been selected and 
applied, and very rigidly supervised and 
maintained, it is entirely possible for the 
various stages to assume the status of 
a production line with a resultant high 
level of output. 

It is nevertheless, at best, a somewhat 
temperamental production line in that 
quartz oscillators cannot always be 
made on a strictly dimensional basis. 
The dimensions necessary to produce a 
crystal of a given frequency and activ¬ 
ity are not always exactly the same. 
They vary slightly with the angle of 
cut, the type of finish, and to some ex¬ 
tent with the quartz itself. Hence the 
final operation of "finishing" is to some 


extent a cut-and-try procedure which 
recognizes these facts. The smallest er¬ 
ror at one stage may cause considerable 
difficulty during later operations, and 
it is often extremely difficult to imme¬ 
diately locate and correct the cause of 
failures. 

Constant supervision of the most 
minute nature is essential to provide a 
smooth flow of the product from one 
operation to another. 

Because crystal manufacture is a 
highly specialized procedure, many 
special precautions and arrangements 
are necessary in order that satisfactory 
results may be consistently obtained. 
Cleanliness is essential, and emphati¬ 
cally so during the last stages of grind¬ 
ing and mounting. For this reason, it is 
important that the final operations at 
least be performed in a clean and dust- 
free room. A speck of dirt (or mois¬ 
ture) on the face of a crystal may 
change its characteristics entirely. Or a 
scratch from a granule of coarse abra¬ 
sive on a fine grinding plate will cause 
complications. In general, it is an ad¬ 
vantage to segregate the entire work 
from other types of manufacturing and 
to some extent to subdivide the work 
itself. 

Conclusion 

The following facts pertaining to 
quartz crystals as used in radio may be 
of interest: 

Many crystals are less than twelve 
thousands of an inch thick. 

For the higher frequencies the faces 
are made flat to less than one wave¬ 
length of light. 

The thickness of the finished plate 
should not vary more than a few mil¬ 
lionths of an inch. 

The frequency determining dimension 
must be correct to a millionth of an 
inch, or so. 

The activity determining dimensions 
may need to be correct to one millionth 
of an inch. 

The angles of cut must be accurate 
to a few minutes of the angle. These 
are not ordinary mechanical angles, but 
must be measured from atomic planes 
in the mother quartz which can be de¬ 
tected only by such means as x-ray. 

A crystal may vibrate one hundred 
trillion times a day and yet it must con¬ 
tinue to do so continually without 
change for an indefinite period. 

It is indeed fortunate for the art of 
communication that Mother Nature has 
provided us with a device so simple and 
small which is capable of such extra¬ 
ordinary and dependable performance. 

Even though only a few grams of 
quartz may be used for each transmit¬ 
ter, the conditions which would ensue 
without it could be chaotic indeed. 
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This is more than a war of mechanical 
monsters clashing in the night . . . 
more than a war of production. 

It is a war for markets —your markets! 
The Axis wants your business—wants to 
destroy it once and for all. 

With so much at stake, there is no doubt 
you will want to do everything you can to 
meet this Axis threat. Two ways are 
open: Speed production and put 10 per¬ 
cent of your income into WAR BONDS! 
The only answer to enemy tanks and 
planes is more American tanks and 
planes—and your regular, month-by- 
month purchases of War Bonds will help 
supply them. Buy now and keep buying. 

THE GOAL: 10% OF EVERyONE T S 
INCOME IN WAR BONDS 

When you install the Pay-Roll War 
Savings Plan (approved by organized 
labor), you not only perform a service 
for your country but for your employees . 
Simple to install, the Plan provides for 
regular purchases of War Bonds through 
voluntary pay-roll allotments. 

Write for details today! Treasury Department, 
Section R, 709 12th St. NW., Washington, D. C. 



War Savings Bonds 


This space is a contribution to Winning the War by 
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Cut-away view snows 
several of the out¬ 
standing features of 
one of the most widely 

used Ohmite Resistors. 


\ 



Write on company letterhead for 
complete, helpful 96-page Catalog 
and Engineering Manual No. 40. 

OHMITE MANUFACTURING CO. 

4870 Flournoy Street, Chicago, U. S. A. 


1. Ohmite vitreous enamel holds the wire in 
place on ceramic core—insulates and protects 
the winding—dissipates heat rapidly—with¬ 
stands humidity. 

2. Evenness of winding prevents “hot spots” and 
failures—and makes for long, reliable service 
on the job. 

3. Resistance wire both mechanically locked and 
brazed to copper terminal lugs, assuring per¬ 
fect electrical connection between lugs and wire. 

4. Mounting brackets hold resistor firmly yet 
resiliently in place. Easy to mount—easy to 
remove. 

More than sixty different core sizes make possible 
an almost endless variety of regular or special 
resistors to meet every need. Ohmite Engineers 
are glad to help you on any resistor problems 
in connection with Governmental or Industrial 
requirements. 
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MATERIEL C 0 N S E R VAT I 0 N 


having to melt up Junior’s set of toy 
soldiers for some time to come. 

The Tin Situation 

Tin is a different matter, as every 
housewife knows from the current cam¬ 
paigns for washed and flattened food 
cans. We long have been extravagant 
in our use of tin, and the United States 
has used more tin than any other coun¬ 
try in the history of the world. Tin 
goes back a long way, and the British 
Isle were known to the ancient Greeks 
as the Tin Islands as long as 2,500 
years ago; the famous British mines of 
Cornwall have held out right up to the 
present time. By far the greater supply 


(Continued from page 11) 

of our tin came, however, from Malaya 
and the Netherlands East Indies, with 
all the rest of the world producing only 
10% of the supply. In addition to hav¬ 
ing been used for such purposes as 
weighting silk dresses, tin finds a major 
use as an alloy of lead in making solder, 
that prime essential to electricians 
everywhere. Surprisingly, re-processed 
tin from tin-plated food cans often is 
purer than the so-called “virgin” metal 
arriving from smelters, and we are 
using in our solder all the reclaimed tin 
we can obtain. 

That we are attempting to cut down 
on the great amount of solder, with its 
valuable tin content, which is used in 



Figure 4 

Chart showing relative merits of silk, acetate yarns and cc+tons. 


the far-flung operations of the Bell Sys¬ 
tem is shown in new manufacturing and 
application techniques worked out re¬ 
cently. One of the chief ingredients of 
solder is tin and efforts have been di¬ 
rected towards the reduction of this 
critical material in solder for both con¬ 
necting and wiping operations. 

Another means whereby the amount 
of tin consumed is reduced is through 
the introduction of methods requiring 
less solder when sealing cable ends at 
the factory. On large cables this is ac¬ 
complished by means of a lead anti¬ 
mony disc inserted in the ends of the 
cable, and sealed with a small amount of 
solder, in place of the high tin content 
slug formerly used. Small cables are 
sealed by the pinch seal method which 
eliminates solder entirely. 

In the field large amounts of solder 
have been saved through the introduc¬ 
tion of the “Victory Joint” over the 
method formerly employed, as illustrated 
in Figure 2. 

Silk Substitutes 

Silk, of course, is entirely unobtain¬ 
able now, but our laboratories have 
been working for years on replacements 
for silk. This turned out to be quite a 
job, for not only is silk the strongest 
and most elastic natural fibre known to 
man, but its dielectric features were un¬ 
equalled by most of the alternate mate¬ 
rials originally suggested. 

Rayon is superior to silk in dielectric 
properties although not its equal in 
abrasion resistance. Nylon, which has 
come into the picture more recently, is 
superior to silk in both physical and 
electrical properties. Consequently, the 
replacement of silk insulation has been 
on the following basis ... (1) Rayon 
has been substituted where silk was 
formerly used under an outside protec¬ 
tive coating of cotton. (2) Nylon has 
replaced silk where that material was 
formerly used alone. (3) Cotton has 
replaced silk in a few instances where 
silk braid was formerly used for good 
appearance. 

On the other hand, it was found that 
the insulating properties of ordinary 
cotton are adversely affected by humid¬ 
ity, even when the cotton has been im¬ 
pregnated. Accordingly, a washing 
treatment was developed whereby we 
remove the soluble sodium and potas¬ 
sium salts normally present in the cot¬ 
ton. This operation is known as the 
Western Electric process of purifica¬ 
tion. It has been found that cotton puri¬ 
fied by this process has insulating values 

(Continued on page 45) 


42 - 


COMMUNICATIONS FOR OCTOBER 1942 


















u. S. NAVY OFFICIAL PHOTO 


“ADOLPH, did you mean it?” 

Less than four short years ago you 
inserted the following travel ad in one 
of our finest magazines: 

Remember it? You actually invited us. 
Now, take a good look at that convoy on 
one of the sea lanes, crossing the Atlantic 
... to Germany. The air lanes are open, 
too. 

And we, Adolph, are doing our utmost to produce a sufficient amount of materiel*, so 
that our "travellers" will not disappoint you. 

*Typical users of UTC materiel are . . , RCA, G E, Western Electric, Westinghouse, Bendix, Farnsworth, IBM, Philco, etc. . . . 
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MATERIEL CONSERVATION 

(Continued from page 42) 

of the order of 50 to 200 fold as com¬ 
pared with unpurified cotton under hu¬ 
mid conditions. By a “boiling out 
cycle” certain natural oils and waxes 
present in the cotton, which would be 
damaging to the insulating properties 
are removed. For use, however, in in¬ 
sulation in non-telephonic applications 
such as sealed unit refrigerators, it is 
desirable to remove certain other oils 
and waxes, since a leaching action takes 
place with the leached impurities caus¬ 
ing a stoppage of a capillary-type ex¬ 
pansion valve common in these refrig¬ 
erators. In such applications, the oils 
or waxes are emulsified or dissolved by 
a bleaching operation before purifica¬ 
tion, and are removed during the wash¬ 
ing process. Either the regular purified 
or the bleached and purified materials 
can be applied to wire with the regular 
equipment used for this purpose. 

Crimea/ Status of Zinc 

Zinc has become extremely critical 
today and has been on the 100% alloca¬ 
tion list since June 1st. Found almost 
everywhere man mines lead (except in 
the great mines of Missouri), zinc has 
played an important part in industry 
for many years. Alloyed with copper it 
forms brass, a corrosion-resistant metal. 
So many uses has zinc that the WPB 
still has no adequate estimate for our 
overall requirements for the metal, 
other than that we are terribly short of 
having enough. Zinc coating, or gal¬ 
vanizing of iron prevents rust and long 
has been used for so protecting our 
outside hardware, such as cross-arm 
braces, messenger wire clamps, and 
through bolts. In some cases we have 
been able to eliminate the use of zinc 
by coating the hardware with lead or 
painting to inhibit oxidation, and the 
satisfactory results of our tests along 
this line have been borne out by trials 
conducted by the A STM. 

Copper Prob/ems 

Copper in the communications field 
is one of the most difficult to replace. 
To a large extent, there is no commer- 
cially-acceptable substitute for its cur¬ 
rent-carrying uses. Since it is the ker¬ 
nel of our wire and cable manufacturing 
operations, our position is particularly 
critical. 

During its long history through the 
ages copper has maintained its early 
importance, and today it is second only 
to iron in industrial value. Its excellent 
conductive features made it of great 


importance to the earliest electricians, 
and we find that today a large percen¬ 
tage of all the copper used goes into the 
electrical industry. Although not as 
ductile as either silver or gold, a copper 
billet 4 x 4 x 54 inches will draw into 
a 2,500 mile strand of 42 gauge wire. 

This country's situation on copper is 
rather paradoxical; we have the great¬ 
est reserves of copper ore in the world, 
we produce half the world's total out¬ 
put, and we have ten times the amount 
Germany has; yet our copper shortage 
is such that about 20% of the copper 
needed for our war industries during 
the third quarter of this year couldn't 
be supplied. Just stop to think ... in 
four minutes a machine gun in action 
uses 30 pounds of copper . . . enough 
to draw into a mile and a half of tele¬ 
phone wire. 

We have made many changes in our 
copper consumption program, such as 
using copper covered steel instead of 
bronze for line wire and for drop wire, 
thus releasing not only the copper but 
also the 3% of tin which composed the 
bronze. We also use steel, of course, 
for our open wire exchange lines. And 
we plan to attach our drop wire to cus¬ 
tomers' premises with steel instead of 
copper clamps. As for the non-electrical 
uses of copper, they are already prac¬ 
tically non-existent in the Bell System. 
Copper for conductors is still the na¬ 
tion’s biggest use, and one of our big¬ 
gest headaches. 

Priorities Difficulties 

We have discussed alternates or sub¬ 
stitutes for old standby materials. But, 
with priorities lists changing so rap¬ 
idly, we sometimes must find substitutes 
for substitutes as these, in turn, become 
scarce. Such an occurrence may be seen 
in the case of the aluminum tape used to 
make switchboard cable moisture-proof. 
No sooner had we selected a pliolite tape 
to do the job than pliolite went on the 
critical list because of its rubber con¬ 
tent. Undaunted, our engineers went to 
work again and came up this time with 
a grease-proof tape of kraft paper sur¬ 
faced with an amorphous wax. Another 
example is seen in the composition of 
our bus bars, described earlier in this 
paper as having gone from aluminum to 
copper. With copper so scarce, we have 
been looking for a substitute for that 
material, and it is entirely within the 
realm of possibility that our bus bars 
may see another change. 

Scrap and rejected parts from West¬ 
ern Electric's manufacturing operations, 
as well as junked telephone equipment, 
long have been returned to our smelting 
furnaces to be melted down and recast. 
Most of the wornout and obsolete metal 
items collected throughout the entire 


Bell System is sent to our great salvage 
and reclamation plant at Nassau, to join 
other scrap purchased from outside 
sources. Here it is reduced to billets 
and pigs under strict laboratory control, 
after which over 95% of our total Nas¬ 
sau output is allocated directly to the 
Army and Navy or eventually finds its 
way into non-telephonic war industries. 
The rest is sent back into the manufac¬ 
turing plants of Western Electric, 
where new parts are machined from the 
reclaimed and reprocessed metals. 

Time a Prime Element 

Of prime importance in the conserva¬ 
tion program is one valuable commodity 
rarely associted with metals, that com¬ 
modity of which we are perhaps short¬ 
est .. . time. We are particularly in¬ 
terested in saving time in our manufac¬ 
turing operations, for we must get the 
communications apparatus to the armed 
forces before they can take the field. 

We have gone heavily for the saving 
of time by farming out our contracts. 
Thus, our latest figures show that 48% 
of all our war contracts have been sub¬ 
contracted. 

Ill our own plants we have vastly ex¬ 
panded the number of employees. Since 
we hired our first woman worker nearly 
70 years ago as a magnet winder, the 
employment of women has been no nov¬ 
elty to us. But, since Pearl Harbor, our 
employment of women has risen astro¬ 
nomically, and we are using them in un¬ 
usual jobs ranging from methods in¬ 
vestigators to welders and test engi¬ 
neers. 

The question is properly raised as to 
what general characteristics are sought 
and what are found in our alternate 
materials program. Generally, we may 
say that we tolerate no more impair¬ 
ment of service quality today, when a 
pilot's life may depend on an ungarbled 
radio-telephonic message, than we did 
before the world turned upside down. 
We do, however, usually find a shorter 
life, with consequent earlier replace¬ 
ment, in our substitute materials. And 
sometimes . . . not always ... we find a 
slight increase in initial cost. It should 
be borne in mind, however, that in or¬ 
der to introduce many of these changes 
extensive development work and tool 
expenditures have been necessary. 

Post-war Outlook 

As for the outlook for the future in 
a post-war world, who can doubt that 
the impetus given creative research by 
the necessities of this war can result in 
anything but the greatest technological 
advance, accompanied by the highest 
standard of living the world has ever 
known. Already, we have investigated 
(Continued on page 46) 
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CIRCUIT RESPONSE ANALYSIS 

(Continued from page 18) 
almost useless in finding the waveform 
of the current, while the sum function 
enables the • waveform to be calculated 
very readily and also makes clearer the 
effect of varying the circuit parameters. 

3) —This sum function has been cal¬ 
culated heretofore by two general meth¬ 
ods both of which become rather tedious 
in most cases. Another method of cal¬ 
culating the sum function is introduced 
in this paper and has the advantages of 
being less tedious and more straightfor¬ 
ward. This last method will also give 
the Fourier series expansion if it is 
wanted, and may be extended in addi¬ 
tion to problems other than circuit 
problems. 

4) —This new method is not directly 
applicable, however, to non-dissipative 
networks, but methods of solving these 
networks are given. Examples of the 
solution of both dissipative and rion- 
dissipatiye networks are given in Ap¬ 
pendix II of the paper. 

5) —Ail expression for the transient 
current of a network is also given. 

(To be continued in November Communi¬ 
cations.) 
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MATERIEL CONSERVATION 

(Continued from page 45) 
some 5,000 items considered for pos¬ 
sible alternative use, with from one to 
several hundred individual parts repre¬ 
sented in each item. Already, we .have 
active substitution programs under way 
on 80 critically scarce materials. . 

No, just as airplane radio communi¬ 
cation saw its birth in Western Elec¬ 
tric’s laboratories and manufacturing 
plants during the last war, we sh-ff one 
day look back on this period of mighty 
effort and count the benefits, many of 
them unknown and unrecognized until 
long after the initial discovery, which 
emanated from the telephone industry. 
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AIRCRAFT 


amplifier regardless of the position of 
the airport audio selector switch. 

Operation control, for the use of the 
interfone is accomplished by the 
manipulation of one switch. The re¬ 
turn of this switch to the “radio” posi¬ 
tion will provide for the previously ra¬ 
dio operating setup. Each of the two 
pilots are provided with an interfone 
switch which provides for independent 
operation of the interfone. 

Tuncrb/e Beacon Receiver 

The beacon receiver used is a tunable 
type and covers the 200 to 400 kc band. 
Remote tuning of this type receiver is 
accomplished by use of a mechanical 
cable associated with a drive unit and 
a tuning unit. The latter two devices 
essentially consist of a gear train to 
provide a high speed rotation of the 
mechanical cable to insure smooth op¬ 
eration. The tuning control unit dial 
is calibrated in kilocycles at 3 kilocycles 
intervals. A dial lamp is provided and 
the intensity of the light is controlled 


C 0 M M U N 

(Continued from page 13) 

by a mechanical shutter. 

In this unit a superheterodyne type 
circuit is employed. It consists of an 
r-f amplifier, converter, heterodyne os¬ 
cillator, i-f amplifier, infinite impedance 
detector, first audio and dual audio out¬ 
put tubes. This circuit is quite con¬ 
ventional except for the detector circuit. 

Infinite Impedance Detector 

The input impedance of this detector 
represents practically a pure capacita- 
tive reactance which becomes a part of 
the tuned circuit without loading of the 
i-f output circuit, with resultant im¬ 
provement in gain and selectivity. This 
arrangement functions as a linear de¬ 
tector and in that respect is similar to 
the conventional diode detector. The 
modulation capability is better than that 
of the diode type of detector. For the 
reception of simultaneous range and 
phone transmission, which consist of 
single sideband modulation (30%) and 
voice modulation (70%), the beacon 
receiver detector must possess linear 


ICATI0NS 


characteristics to avoid distortion. A de¬ 
tector that is other than reasonably 
linear on single sideband modulation 
and speech modulation 30% and 70% 
exceeded respectively, will result in dis¬ 
tortion. 

Peculiarities of Detector 

The infinite impedance detector cir¬ 
cuit has the disadvantage of not being 
capable of providing avc voltage which 
is possible with the diode detector. 
However, the anti-block avc that is re¬ 
quired in the beacon receiver is obtained 
by employing a diode section of the first 
a-f tube to develop this voltage. 

Direction Finder Attachment 

This attachment used in conjunction 
with the standard beacon receiver em¬ 
ploys a high impedance antenna of the 
shielded type. One side of the loop wind¬ 
ing which has 32 turns, is encased with¬ 
in an aluminum shield and connected 
to a pin plug in the loop yoke. The other 
side of the loop winding is grounded. 

(Continued on page 48) 
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Are You 
Making Good 
in Your New 
Radio Job ? 



New Jobs Create New Opportunities 

There’s no “ceiling” to the 
better jobs available today, 
CREI home study courses can 
give you the practical tech¬ 
nical training you need to 
“make good” now — and to 
enjoy security in the years to 
come! 

Hundreds of practical radiomen have 
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the radio industry—government jobs, 
broadcast jobs, technical manufactur¬ 
ing jobs, aviation radio jobs—jobs 
which in many instances require a 
thorough knowledge of practical radio 
engineering. 

• If you are a practical radioman who 

realises that fortunate circumstances have 
placed you in a job requiring technical 
ability of high calibre . . . 

• If you are smart enough to know that 
you veill (< get by” with your better job only so 
long as a fully qualified man is unavailable ... 

• If you have the ambition to make good 

in your new better job and to rise to even 
a still better job . . . 

—then a CREI home study course in Practical 
Radio Engineering will help you to acquire 
the necessary technical knowledge and ability 
which is demanded by the better, higher pay¬ 
ing positions in technical radio. 

WRITE FOR FREE BOOKLET TODAY 
about CREI Home Study Courses 

If you are a professional radio- 
man and want to make more 
money, let us prove to you that 
we have something you need to 
qualify for a better engineering 
fob . To help us intelligently 
answer your inquiry, please 
state brieflv your background 
of experience, education and 
present position* 

Capitol T\mo 

ENGINEERING INSTITUTE 

E. H. RIETZKE, President 

Home Study Courses in Practical Radio 
Engineering for Professional Self-Improvement 

Dept. CO-10, 3224 - 16th Street, N. W. 
WASHINGTON, D. C. 

Contractors to the U. S. Signal Corps—U. S. Coast Guard 
Producers of Well-trained Technical Radiomen for Industry 


The loop mounting which supports the 
loop is secured to the structure of the 
plane. This mount is equipped with a 
receptacle to engage the pin plug of the 
loop antenna also a key-way and coup¬ 
ling nut for the purpose of securing the 
loop in position. The loop mount, which 
is an aluminum casting, houses the gear 
train used to rotate the loop antenna. 

The gear train of the loop mount is 
mechanically connected to the loop rota¬ 
tor by means of a flexible shaft. A gear 
reduction of 264 to 1 is provided be¬ 
tween the flexible shaft and the loop. 
This high ratio permits an accurate ad¬ 
justment of the loop position and in¬ 
sures smooth operation. The loop rota¬ 
tor is located on the engine control 
pedestal in a position in line with the 
vision to the flight instrument panel. 
The rotator is equipped with a pointer 
and an azimuth dial. This circular dial 
is calibrated for two 180 degrees sec¬ 
tions which are corrected for the loop 
quadrant error. The direction finder as 
the name implies operates on the aural- 
null principle. The crank-handle of the 
azimuth control (loop rotator) is used 
to rotate the loop. The azimuth pointer 
is so geared that it rotates at the same 
speed as the loop. 

The voltage developed across the loop 
winding is fed to a loop coupling unit 
through a low loss high impedance line. 
The purpose of the loop coupler is to 
provide a high impedance termination 
that is reasonably near the loop an¬ 
tenna. 

Essentially the unit consists of an am¬ 
plifier tube with associated tuning con¬ 
denser and load coils to tune the loop 
antenna to resonance. A trimming con¬ 
denser is used to track the loop tuning 
condenser with the beacon receiver tun¬ 
ing condenser which are mechanically 
operated in tandem. The remote tuning 
unit of the standard beacon receiver is 
mechanically connected to the receiver 
and loop coupler by the use of a flexible 
shaft through the associated gear trains 
in the drive units. A low impedance loop 
could be used in conjunction with a low 
impedance line with connection direct 
to the receiver input with proper match¬ 
ing network. While this scheme is 
simple from a mechanical standpoint, 
the high impedance type results in ob¬ 
taining a much higher gain. 

A loop-beacon antenna switch box is 
used to provide a method to switch the 
loop antenna or the beacon antenna un¬ 
der thoroughly shielded conditions. In 
order to completely isolate these an¬ 
tennae the shielding of the switch must 
be such that with the switch in the loop 


position a signal input of one volt into 
the antenna at the frequency to which 
the receiver is tuned will be more than 
60 db down. 

In addition to the two 180 degree 
calibrated azimuth dial sections of the 
control, the “homing” position is 
marked. With the loop in this position, 
a null is given when the plane heading 
is directly toward or away from the 
station. This feature is used for certain 
orientation problems, but is not gener¬ 
ally used to fly to a station, as it is a 
negative (no signal) indication when 
used with the aural null direction finder. 
To position the loop according to the 
“rain static” indication as shown on the 
dial, it is set for maximum signal when 
the aircraft heading is in line with the 
station. The loop is used in this position 
to fly the radio beacon during rain 
static conditions. The shielded loop, of 
course, greatly reduces the effects of 
rain static. 

Aerodynamically the loop presents 
minimum drag when in the rain static 
position. The drag is increased 5 to 6 
times (at 200 miles per hour) when the 
loop is in the homing position. This 
condition refers to a loop that is not 
encased in a streamlined housing. 

The radio compass provides three ser¬ 
vices, viz., conventional beacon re¬ 
ception, aural null (D.F.) and auto¬ 
matic compass. The principle of op¬ 
eration of the automatic compass is 
described in another section. The op¬ 
eration as a beacon receiver and D.F. 
is conventional. 

The operation controls of the com¬ 
pass are ... control unit that provides a 
means for remote tuning of the receiver 
to the desired frequency and to select 
the frequency band. The compass vol¬ 
ume is a tandem operated sensitivity and 
audio volume control. The loop rotator 
is an electrical control for manual opera¬ 
tion of the loop rotation. Manual op¬ 
eration of this control effects the loop 
motor control circuit in the same man¬ 
ner as the thyratron circuit in the auto¬ 
matic compass function. 


WE SEE 

{Continued from page 2) 

population.” And from the reports of 
many in communications . . . plants, 
stations, studios and the like ... a 
large percentage of this new “man¬ 
power” is already a dominant factor. 
In 1943, it seems as if most of the 
signs will read . . . “women at work.” 
—L. W. 
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Telescoping Antenna 
For Fixed or Mobile 
Communications Duty 

Standard designs in Premax Adjustable 
Telescoping Antenna are meeting the 
rigid requirements of the fighting 
forces. Send for Bulletin or let us have 
your specifications for special designs. 
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CHISHOLM - RYDER CO. INC. 

4303 Highland Ave., Niagara Falls, N. Y. 


ELECTRONICS 

ENC1NEER 

Large Chicago Manufacturer doing war 
woHc needs experienced man for ex¬ 
panding electronics department. B.S. 
Degree preferred. Man experienced on 
sound equipment will be given first 
consideration. Also A-l Radio Repair¬ 
man for production work. These posi¬ 
tions are permanent to men who qualify. 
Please give full details —- include age, 
experience and salary expected. 

* Write Box 702 
COMMUNICATIONS 
19 E. 4 i St. New York City 


WHEN YOU CHANCE 
YOUR ADDRESS 

Be sure to notify the Subscription 
Department of COMMUNICATIONS 
at 19 E. Forty-seventh St., New York 
City, giving the old as well as the new 
address, and do this at least four weeks 
in advance. The Post Office Department 
does not forward magazines unless you 
pay additional postage, and we cannot 
duplicate copies mailed to the old 
address. We ask your cooperation. 


ROCHESTER FALL MEETING, 

WAR RADIO CONFERENCE 

Sagamore Hotel, Rochester, N. Y., 
November 9th, 1942 

9:30 A. M-\2 :30 P. M. 

Symposium of Radio Production 
under War Conditions: 

Opening Address by W. R, G. 
Baker, Director RMA En¬ 
gineering Dept, 

Addresses by: 

Lieut. Commander A. B. 
Chamberlain, Radio Branch, 
Bureau of Ships, Navy Dept, 

Captain Billings MacArthur, 
U. S. A. Army-Navy Com¬ 
munications Production Ex¬ 
pediting Agency. 

F. S. Barton, British Air Com¬ 
mission, on “German Air¬ 
craft Radio Equipment.” 

2:00-4:00 P. M. 

Technical Session on Radio 
Equipment Production: 

Flexibility in Communication 
Equipment Production, J. J. 
Farrell, General Electric Co., 
Schenectady, N. Y. 

Radio Production Test Meth¬ 
ods, Harry Rice, Sperry Gy¬ 
roscope Co., Garden City, 
N. Y. 

Photographic Templates, E. C. 
Jewett and C. D. Tate, East¬ 
man Kodak Co., Rochester, 
N. Y. 

7:00-10:00 P. M. 

Rochester Fall Meeting Dinner. 

Speaker to be announced. 


GROUNDED-PLATE F-M 

AMPLIFIER NOTES 

I N the grounded-plate amplifier* re¬ 
cently developed for use in f-m 
transmitters by A. A. Skene of the 
Bell Telephone Laboratories, one of the 
unique features is the combining of the 
functions of the plate by-pass condenser 
and the air-duct. This duct, according 
to Mr. Skene is made of dielectric ma¬ 
terial and plated with silver inside and 
out to form the two plates of a cylindri¬ 
cal condenser. The outer surface is 
grounded and the inner surface is con¬ 
nected to the cooling fins of the plate. 
Such an assembly, says Mr. Skene, is 
easy to construct. And this form of con- 
(Continued on page 50) 

^December, 1941, Communications, pp. 14, 
15, 24. 
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GROUNDED-PLATE F-M 

AMPLIFIER NOTES 

(Continued from page 49) 
denser gives a uniform current distribu¬ 
tion over the conducting surfaces. 

These three tubular structures are 
evident from the view shown herewith. 
The central tube is the air-duct and the 
plate blocking condenser, while the 
tubes on each side of it are the two 
coaxial structures. The common ground 
plate lies transversely across the am¬ 
plifier, says Mr. Skene, and besides 
serving as a common ground is also 
used as a supporting member. The out¬ 
put of the transmitter passes from the 
filament, to the transmission lines 
through an adjustable inductance used 
to adjust the impedance of the output 
circuit. Since both ends of this coil are 
at radio-frequency potential, a short- 
circuited coaxial structure is not the 
convenient device to employ. Thus, for 
this inductance a coil with an adjust¬ 
able copper slug to vary the reactance 
is used. 

The grounded, plate amplifier is used 
in the 10 kw f-m transmitter of 
YV71NY in New York City. 

In this new circuit it will be recalled, 
the plate tuning coil is replaced by a coil 
between filament to ground. If a pair 
of copper tubes in parallel are used to 
form this coil, the' filament leads may 
then be threaded through the bore of 
one of the tubes. Thus the grid driving 
potential can be supplied through an in¬ 
ner conductor of the other, according 
to Mr. Skene. - The copper tubes are. 
connected to the filament through con¬ 


densers at the filament end of the coil, 
while the other end of the coil is 
grounded. In this way it is possible to 
deliver the filament current and grid : 
.driving voltage at the required circuit 
points, while the sources, viz., driver 
and filament transformers, are main¬ 
tained at ground potential. Since it is 



The three tubular structures in the F-M 
amplifier system. 

i ____ 


essential to be able to dajust the re¬ 
actance of this inductance, mechanical 
difficulties would be invited if the usual 
coil adjustments were used. By using a 
coaxial transmission line less than a 
quarter wave in length, which is short 
circuited by an adjustable bridging con¬ 
nector at the far end, this difficulty may 
be avoided. This section of line has a 
positive or inductive reactance, which is 
variable with an adjustable bridging 
connection. The structure used to re¬ 
place the tubing coil consists essentially 
of two concentric systems. Here the 
innermost conductor carries the r-f driv¬ 
ing potential, while its upper end is 
connected to the grid through a block¬ 
ing condenser. 

A short circuited coaxial structure is 
also used for the neutralizing induct¬ 
ance. This is connected between the 
grid and plate in series with a blocking 
condenser, according t o Mr. Skene. 
This coil carries a large current and 
must be continuously variable and ade¬ 
quately shielded. To meet these condi¬ 
tions with a grounded-plate is fairly 
simple, since only an inductance-to- 
ground is required with a blocking con¬ 
denser to isolate the d-c grid bias 
potential. 

Since the filament of the tube ?s at a 
high r-f potential, it is possible to supply 
filament current without requiring op¬ 
eration of the filament transformer at a 
high potential above ground. In addi¬ 
tion it is necessary to supply r-f driving 
potential between the grid and filament 
from the driver unit, one side of which; 
is grounded.—Donald Phillips. 
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THE O’BRIEN PROGRAM FAILURE ALARM 


A TYPICAL installation of the 
O’Brien carrier and program 
line alarm that was described in 
the August, 1942 issue of Communica¬ 
tions by El win J. O’Brien, Ass’t Pro¬ 
fessor of Electrical Engineering, Uni¬ 
versity of North Dakota, is illustrated 


below. This is the unit that is in opera¬ 
tion at radio station KILO-KFJM, and 
has saved many man-hours, relieving 
as it does the necessity of aurally moni¬ 
toring the program. The unit also in¬ 
dicates to the announcer any transmis¬ 
sion failure.—Elliott Marshall. 



I 


In this unit, the mo¬ 
dulated carrier is 
rectified in the first 
tube, and after pass¬ 
ing through a limit¬ 
ing stage is again 
rectified to provide 
the control voltage 
for the relay tube. 
The limiter makes 
the d-c component 
of voltage across the 
RC circuit inde¬ 
pendent of percent¬ 
age modulation. The 
grid circuit of the 
relay is connected 
across the time de¬ 
lay RC network. The 
cathode current with 
zero grid voltage is 
a ppro x innately 1.4 
milliamperes. T h e 
vo It a g.e across \ thd 
delay ; . network, on! 
modulation is ap¬ 
plied to the grid 
and causes about 5.5. 
milliamperes to flow^ 
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General Radio Co.Inside Back Cover 

Gould-Moody Co. 49 

Guardian Electric . 21 


Hallicrafters Co., Inc. 
Hipower Crystal Co.. 
Hytron Corp. 


Insuline Corp. of America. 50 

International Resistance Co. 31 

International Telephone and Tele¬ 
graph Corp. 29 


R Standard 

Sizes for 
Audio, Choke, 
Output arid Power 
Transformers in 
Stock. 

Write for 

dimension V 


r Output 
Transformers 
of highest 
permeability 


M fllnico 

■ W \ (cast or sintered) 

| Cobalt, Chrome or 

Tungsten, cast, formed 
or stamped. Engineering co- 
w operation backed by 40 years ex¬ 
perience insures quality, dependability 
and service. 


Thomas & Skinner 

Steel Products Co. | 


1113 E. 23rd Si. Indianapolis, Ind 


M 

Mallory & Co., Inc., P. R.Back Cover 

Measurements Corp.. .Inside Front Cover 
Mico Instrument Co. 51 


I Thomas & Skinner Steel Prods. Co... 52 


COMMUNICATIONS 


The J3lach$tone 

South Michigan Ave. 


o 

Olimite Mfg. Co. 

O’Neil-Irwin Mfg. Co. 


Radio Corporation of America 


United Catalog Publishers 
United Transformer Co.... 


Par-Metal Products Corp 

Petersen Radio Co. 

Polymet Condenser Co.. 

Premax Products . 

Presto Recording Corp.. 


Manufacturers — 


The type of men you want 
will read your advertisement. 


L 

Lenz Electric Mfg. Co, 
Littelfuse, Inc. 


Jefferson-Travis Radio Mfg, Co, 

Johnson Co., E, F. 

Jones, Howard B. 


If you need engineers or 
technicians, make known 
your requirements in 
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Photographs courtesy Pan American Airways 

Dependable Service 


The maintenance of all types of radio communication 
systems requires accurate and reliable test equipment. 
The Genera! Radio Company has always specialized in 
the design and manufacture of this type of equipment. 

The accuracy and rugged construction of General 
Radio instruments have won for them particularly wide 
acceptance among airlines—including the world-wide 
Pan American Airways System—to whom reliable radio 
communication is vitally important. Wartime conditions 
have given the airlines an urgent and difficult transporta¬ 
tion job, which means that test equipment must often be 
used "around the clock." General Radio instruments are 
built to stand up under these unusual demands. 


General Radio standard-signal generator and output meter in 
use in the radio test and repair shop at Pan American Airways' 
hangar at LaGuardia Field. 






















Trained on the Target... 

Thanks to Mallory Approved Precision Products 



In the laboratories of a leading institution, electronic wizards have worked out a Yankee 
invention that’s going to help Uncle Sam’s anti-aircraft gunners bring ’em down far more often. 


It’s an electrical control apparatus that works in conjunction with a modern listening 
device. When a plane is heard . .. within a radius of 30 miles . . . this new electronic instru¬ 
ment predicts the plane’s course mathematically, then helps aim and fire anti-aircraft 
guns automatically. Its accuracy is uncanny. 


This new anti-aircraft "predictor”, like many other military devices, includes such Mallory 
Approved Precision Products as switches, condensers, volume controls, jacks and plugs, 
which were supplied to the inventors by their neighboring Mallory Distributor. 

Electronic engineers in many research laboratories .. . working on both military and 
industrial devices . . . have learned that it pays to keep in touch with the Mallory Dis¬ 
tributors nearby. In many cases, the Mallory Distributor acts like a branch of the pur¬ 
chasing department. . . helping engineers to make out specifications quickly and easily, 
speeding up ordering and delivery of Mallory parts, and eliminating yards of red tape. 

There are 253 Mallory Distributors from coast to coast. . . ready to serve you efficiently 
whether you need electronic parts for test or experimental work, for replacements in plant 
equipment, or for manufacturing some electrically operated product. 

Call your nearest Mallory Distributor today . Ask him—or write us if you don’t know 
his name—for your free copy of the latest Mallory catalog . . . used as a buying guide in 
the aeronautical, automotive, electrical, geophysical, radio and other industries. 



Write today for free 
catalog describing 
entire line ofMallory 
Approved Precision 
Products . 



P. R. MALLORY & CO., Inc 


INDIANAPOLIS, INDIANA • Cable Address —PELMALLO 




